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PROLOGUE 


Since  the  completion  of  this  research  in  mid- 1978,  the  national  debate  on  the 
need  to  modify  the  general  terms  of  national  military  service  has  focused  on  many 
alternatives,  including  consideration  of  a  return  to  conscription.  Although  the  au¬ 
thor  neither  endorses  nor  dissents  from  this  potential  change  in  public  policy,  a 
comment  may  be  appropriate  on  how  the  research  findings  presented  here  relate 
to  military  manpower  costs  and  effectiveness  in  the  context  of  a  draff,  environment. 
In  an  analytic  determination  of  the  efficient  mix  of  first  term  and  career  personnel, 
the  three  key  inputs  most  sensitive  to  a  draft  are  first  term  labor  costs,  productivity, 
and  supply. 

Since  none  of  the  current  proposals  for  a  return  to  military  conscription  include 
provisions  for  reverting  to  the  discriminatory  first  term  pay  policies  of  the  pre-All- 
Volunteer  Force  (AVF)  era,  it  is  reasonable  to  assume  that  the  relative  wage  data 
included  in  this  analysis  will  remain  valid  regardless  of  the  mode  of  military  service 
adopted. 

Although  no  firm  evidence  exists  on  the  impact  of  mode  of  service  on  perfor¬ 
mance,  it  is  also  reasonable  to  assume  that  first  term  draftees  would  be  no  more 
productive  than  their  volunteer  counterparts. 

The  impact  on  first  term  labor  supply  deriving  from  draft  legislation  would  be 
to  expand  that  supply  substantially  at  relatively  constant  marginal  budget  costs. 
For  the  purposes  of  this  analysis,  however,  no  limit  to  first  term  labor  supply  at 
current  relative  wage  rates  has  been  imposed.  The  rationale  for  this  approach  is 
discussed  in  the  text,  but  the  key  here  is  that  a  reversion  to  the  draft  would  have 
no  impact  on  the  analytic  results. 

In  sum,  the  cost  and  the  effectiveness  of  military  manpower  resources  are  and 
will  remain  matters  of  serious  national  concern.  Consequently,  methods  for  es¬ 
timating  the  least  costly  combination  of  manpower  resources  at  acceptable  levels 
of  effectiveness,  and  the  policies  implemented  to  achieve  those  combinations,  will 
be  important  to  defense  manpower  planners.  Thus,  this  analytic  work,  begun  in  the 
context  of  an  all-volunteer  force,  is  germane  for  conscripted  force  planning  and 
should  be  considered  in  any  overall  plan  for  change. 


M.  J.  Albrecht 
Falls  Church,  Virginia 


PREFACE 


This  report  was  prepared  as  part  of  Rand’s  Manpower,  Mobilization,  and  Readi¬ 
ness  Program,  sponsored  by  the  Office  of  the  Assistant  Secretary  of  Defense/ Man¬ 
power,  Reserve  Affairs,  and  Logistics— OASD(MRA&L).  The  study  was  conducted 
under  Task  Order  78-V-3,  First  Term/Career  Substitutions. 

With  manpower  issues  assuming  an  ever  greater  importance  in  defense  plan¬ 
ning  and  budgeting,  the  purpose  of  this  studies  program  is  to  develop  broad  strate¬ 
gies  and  specific  solutions  for  dealing  with  present  and  future  defense  manpower 
problems.  This  includes  the  development  of  new  methodologies  for  examining 
broad  classes  of  manpower  problems,  as  well  as  specific  problem-oriented  research. 
In  addition  to  providing  an  analysis  of  current  and  future  manpower  issues,  it  is 
hoped  that  this  studies  program  will  contribute  to  a  better  general  understanding 
of  the  manpower  problems  confronting  the  Department  of  Defense. 

Perhaps  the  most  urgent  policy  imperative  arising  from  the  tremendous  in¬ 
crease  in  military  manpower  costs  over  the  past  decade  is  to  enhance  efficiency 
through  improved  personnel  policies.  In  this  regard,  military  manpower  policy 
decisions  have  come  to  be  regarded  as  falling  as  much  in  the  area  of  resource 
allocation  as  in  that  of  personnel  management.  Within  the  set  of  manpower  re¬ 
source  allocation  questions,  none  is  more  important  than  the  distribution  of  person¬ 
nel  by  length  of  service,  frequently  described  as  the  mix  of  first-term  and  career 
personnel. 

The  present  report  addresses  the  problem  of  enhancing  the  ability  of  defense 
manpower  planners  to  determine  efficient  allocations  of  manpower  resources  by 
length  of  service,  focusing  on  the  measurement  and  evaluation  of  labor  productiv¬ 
ity  in  the  military  environment. 

The  report  has  also  been  submitted  and  accepted  as  a  doctoral  dissertation  as 
partial  fulfillment  of  the  requirements  of  the  Ph.D.  for  the  Rand  Graduate  Institute. 


SUMMARY 


The  determination  of  desirable  mixes  of  first  term  and  career  enlisted  military 
personnel  and  the  implementation  of  policies  designed  to  achieve  these  mixes  have 
long  been  regarded  as  two  important  management  objectives  for  defense  manpow¬ 
er  planners.  The  enlisted  experience  mix  is  a  significant  factor  in  force  cost  and 
capability  and,  given  the  closed  nature  of  the  military  personnel  system,  in  the  key 
personnel  issues  of  grade  structure  and  promotion  opportunity.  Until  recently,  the 
desirability  of  alternative  mixes  of  enlisted  manpower  resources  has  been  in¬ 
fluenced  more  by  considerations  of  personnel  management  than  resource  manage¬ 
ment.  However,  with  the  tremendous  increase  in  military  manpower  and  personnel 
costs  over  the  last  decade,  attention  has  shifted  to  considerations  of  economic 
efficiency  in  the  allocation  of  these  resources. 

This  report  considers  the  economically  efficient  allocation  of  military  manpow¬ 
er  resources  by  length  of  service — in  particular,  the  supply  and  demand  conditions 
of  seventeen  specific  Air  Force  occupational  specialties.  The  research  was  conduct¬ 
ed  to  analyze  the  potential  for  cost  savings  associated  with  the  substitution  of  first 
term  and  career  personnel  at  the  occupational  level.  Its  analysis  of  the  measure¬ 
ment  and  evaluation  of  labor  productivity  in  the  military  environment  makes  it 
possible  to  assess  the  potential  for  making  first  term/career  substitutions. 

An  efficient  mix  of  first  term  and  career  enlisted  personnel  will  either  minimize 
total  force  costs  at  a  specified  level  of  effectiveness  or  maximize  effectiveness  for 
a  given  total  cost.  In  theory,  these  mixes  are  achieved  when  the  marginal  costs  of 
first  term  and  career  personnel  just  offset  their  marginal  contribution  to  military 
effectiveness.  The  difficulty  with  making  these  determinations  derives  from  an 
inability  to  accurately  assess  the  relative  productivity  and  substitutability  of  vari¬ 
ous  categories  of  military  labor. 

The  Enlisted  Utilization  Survey  (EUS)  data  base,  a  unique  data  base  recently 
assembled  at  Rand,  permits  a  detailed  evaluation  of  the  question  of  relative  produc¬ 
tivity  and  substitutability  of  first  term  and  career  personnel  in  the  context  of 
different  military  occupational  specialties.  For  this  research,  productivity  mea¬ 
sures  and  work  unit  background  data  from  the  EUS  data  base  were  used  to  esti¬ 
mate  the  parameters  of  a  two-tiered  constant  elasticity  of  substitution  (CES)  labor 
aggregation  function  for  a  number  of  military  occupations.  This  CES  formulation 
can  provide  estimates  of  the  relative  productivity  of  first  term  and  career  personnel 
over  all  possible  input  combinations.  In  addition,  it  explicitly  allows  for  the  fact  that 
the  relative  productivity  of  first  term  and  career  personnel  will  likely  change  with 
changes  in  the  overall  experience  mix.  The  specific  magnitudes  of  changes  reflected 
in  the  function  are  empirically  derived  and  hence  minimize  the  role  of  analytic 
assumption  in  the  specification  of  the  aggregation  function. 

Estimated  labor  aggregation  functions  can  be  placed  in  the  context  of  a  simple 
optimizing  framework  using  current  marginal  cost  and  supply  information  to  pro¬ 
vide  estimates  of  the  economically  efficient  mix  of  first  term  and  career  personnel 
differentiated  by  occupation.  Such  an  optimization  analysis  is  conducted  using  a 
marginal  costing  approach.  A  supply  function  based  on  past  empirical  research  on 
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the  relationship  between  enhanced  first  term  retention  and  career  wage  is  used  to 
reflect  the  constraint  on  enlisted  career  supply  in  the  optimization  analysis. 

The  research  findings  indicate  that  the  potential  for  substitution  between  first 
term  and  career  labor  within  particular  occupations  is  significant  but  limited.  The 
elasticity  of  substitution  between  first  term  and  career  personnel  within  particular 
occupations  is  neither  zero,  which  would  indicate  no  substitution  potential,  nor 
infinite,  which  would  indicate  an  unlimited  substitution  potential.  Additionally,  the 
analytic  results  substantiate  the  intuitive  premise  that  productivity  is  positively 
related  to  experience  and  that  the  substitution  potential  and  the  relative  productiv¬ 
ity  of  experience  categories  are  both  related  to  occupational  skill  level.  We  found 
that  more  technically  demanding  occupations  tend  to  be  associated  with  lower  first 
term  productivity  relative  to  career  productivity,  reflecting  the  length  of  time 
required  to  become  job  skill  proficient  in  the  first  term,  as  well  as  with  Iow>er 
elasticities  of  substitution,  indicating  the  necessity  of  maintaining  a  relatively  fixed 
career  proportion  of  the  work  force. 

The  CES  formulation  of  the  military  labor  aggregation  function  is  shown  to  be 
both  a  useful  and  reasonable  reflection  of  actual  production.  Specifically,  the 
findings  indicate  that  the  CES  formulation  is  superior  to  either  of  the  two  most 
commonly  used  formulations,  the  linear  aggregation  function  and  the  Cobb-Doug- 
lass  formulation. 

The  policy  recommendations  that  follow  from  the  productivity  analysis  concern 
an  expansion  of  current  service  capabilities  for  determining  production  alterna¬ 
tives  either  by  exploring  technically  feasible  combinations  experimentally  or  by 
using  current  variations  in  production  to  indicate  feasible  alternatives.  This  capa¬ 
bility  could  be  expanded  either  by  research  initiatives  or  by  expanding  the  role  of 
organizations  devoted  to  determining  requirements  within  the  services  to  include 
not  only  the  determination  of  manning  levels  and  manhour  requirements  by  occu¬ 
pation  or  mission  but  also  a  determination  of  alternative  manpower  configurations 
at  different  overall  manning  levels  and  with  different  manhour  requirements. 

The  significance  and  utility  of  the  productivity  estimates  presented  in  this 
research  have  been  demonstrated  in  the  context  of  optimization  analyses  conduct¬ 
ed  for  each  of  the  occupations  in  the  sample.  The  findings  of  the  optimization 
analyses  indicate  that  for  the  sample  of  occupations  included  in  the  study,  the 
current  overall  mix  of  first  term  and  career  personnel  falls  within  the  range  that 
one  would  select  on  the  basis  of  economic  efficiency  alone.  However,  although  the 
distribution  of  personnel  for  the  sample  of  specialties  taken  in  the  aggregate  is 
consistent  with  cost  effectiveness  considerations,  the  distributions  within  specific 
occupations  are  not.  Specifically,  the  results  of  the  analysis  indicate  that,  in  general, 
higher  skill  occupations  tend  to  overutilize  first  term  labor  inputs  and  lower  skill 
occupations  tend  to  underutilize  them.  This  result  underscores  the  importance  of 
conducting  force  structure  analyses  at  the  occupational  level.  The  differences  be¬ 
tween  the  current  distributions  within  the  set  of  occupations  included  in  the  study 
and  the  implied  efficient  distributions  have  important  cost  consequences:  A  redistri¬ 
bution  of  existing  first  term  and  career  personnel  within  the  set  of  occupations 
analyzed  would  mean  almost  a  $20  million  annual  cost  savings,  with  no  loss  in 
overall  effectiveness. 

Unlike  the  comparison  between  the  actual  distribution  and  the  implied  efficient 
distribution,  a  comparison  between  the  implied  efficient  distribution  of  enlisted 
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personnel  by  occupation  and  the  objective  foce  distribution  by  occupation  set  by  the 
Air  Force  as  force  structure  goals,  reveals  substantial  differences.  Cost  consider¬ 
ations  aside,  the  findings  of  this  research  suggest  that  the  attainment  of  objective 
force  goals  would  be  associated  with  a  substantial  reduction  in  overall  effectiveness. 
The  analysis  shows  that  the  objective  force  structure  proposed  by  the  Air  Force 
may  not  be  technically  feasible  at  current  effectiveness  levels.  Thus,  whatever 
benefits  that  might  be  associated  with  moving  to  the  objective  force  will  be  offset 
by  reductions  in  actual  capabilities. 

From  a  policy  perspective,  the  findings  of  the  optimization  analysis  indicate 
that  a  redistribution  of  manpower  resources  toward  a  more  senior  force  in  high 
skill  occupations  and  toward  a  major  junior  force  in  lower  skill  occupations  would 
be  cost  effective,  despite  the  fact  that  reenlistment  bonuses  may  be  required  to 
retain  additional  career  personnel  in  high  skill  occupations.  In  fact,  this  research 
indicates  where  reenlistment  bonuses  could  be  more  efficiently  used.  More  impor¬ 
tantly,  the  objective  force  structure  for  the  Air  Force  varies  substantially  from 
what  appears  to  be  the  economically  efficient  distribution  of  enlisted  personnel  by 
length  of  service  with  the  consequence  that  overall  effectiveness  may  decline. 

The  role  of  the  Office  of  the  Secretary  of  Defense  (OSD)  in  the  determination 
process  should  be  one  of  providing  guidance  and  incentives  to  each  of  the  services 
for  making  economically  efficient  allocations  of  manpower  resources.  OSD  cannot 
make  such  determinations  for  the  services,  nor  should  it  adopt  that  position.  What 
can  be  done,  however,  is  to  demonstrate  general  approaches  and  methodologies  to 
the  service  with  respect  to  the  determination  of  important  resource  allocation 
problems  and  to  pursue  the  guidance  with  specific  incentives  for  expanding  current 
capabilities  in  this  regard. 
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1.  INTRODUCTION 


In  a  civilized  society,  soldiers  are  maintained  altogether  by  the  labour  of 
those  who  are  not  soldiers,  and  hence  the  number  (and  quality)  of  the 
former  can  never  exceed  what  the  latter  can  maintain  over  and  above 
maintaining  both  themselves  and  the  other  officers  of  government  they  are 
obliged  to  maintain, 

Adam  Smith,  The  Wealth  of  Nations 

An  important  allocation  decision  facing  military  manpower  planners  is  the 
distribution  of  enlisted  personnel  by  lengt  h  of  service — a  distribution  that  affects 
not  only  total  force  cost  and  capability  but  also,  given  the  closed  nature  of  the 
military  personnel  system,  force  management  in  terms  of  grade  structure  and 
promotion  opportunity.  This  report  can  aid  defense  decisionmakers  in  allocating 
manpower  resources  economically  and  efficiently,  as  well  as  in  evaluating  and 
measuring  labor  productivity  in  the  military  environment. 

Selecting  and  implementing  a  policy  to  attain  "desirable"  distributions  of  enlist¬ 
ed  personnel  by  lengt  h  of  service  has  long  been  a  major  manpower  planning  issue 
confronting  defense  manpower  officials.  Historically,  the  "desirability”  of  such 
distributions  has  hinged  more  on  personnel  considerations  than  on  concerns  of  cost 
effectiveness.1  This  emphasis  was  a  natural  by-product  of  the  draff  era  when  the 
supply  of  enlistments  was  relatively  unconstrained  and  the  cost  of  junior  personnel 
was  extremely  low.  At  the  same  time,  however,  the  Services  were  experiencing 
problems  of  large  personnel  "humps”  (unusually  large  numbers  of  personnel  with 
the  same  amount  of  service)  stemming  from  accession  policies  during  the  Korean 
War,  and  large  "valleys"  (unusually  small  numbers  of  personnel  in  the  same  ex¬ 
perience  category).  These  humps  and  valleys  made  a  consistent  promotion  pattern 
and  hence,  a  career  pattern  impossible  to  guarantee. 

Under  these  conditions  it  was  reasonable  for  the  Services  to  focus  on  the 
management  implications  of  the  force  mix.  As  a  result,  in  the  late  sixties  a  great 
deal  of  effort  was  devoted  to  developing  management  policies  to  provide  distribu- 


1  The  need  to  establish  a  "desirable”  enlisted  force  was  first  brought  into  focus  during  the  late  fifties 
when  the  Cordiner  Committee  requested  the  Services  to  submit  the  first  term  reenlistment  rates 
required  to  sustain  a  desirable  career  content.  The  Department  of  Defense  subsequently  requested  the 
Services  to  review  alternative  force  structures  and  establish  objectives  that  would  guide  management 
programs  and  assist  in  evaluating  progress. 

Karlv  initiatives  appear  to  have  been  begun  in  1959  with  a  comprehensive  study  by  the  Air  Force 
entitled  the  "Optimum  Career  Airman  Force  Program."  Analyses  of  the  subject  were  also  conducted  by 
other  Services  throughout  the  years  immediately  prior  to  the  conflict  in  Southeast  Asia  A  19t>9  Army 
study  directive  calls  for  the  development  of  "the  optimum  content  of  the  Army  in  regard  to  its  makeup 
of  inductees,  first  term  enlisted  personnel,  and  career  sohders.  with  the  view  of  developing  long  range 
objectives  which  will  provide  positive  guidance  to  all  concerned  with  the  procurement,  management, 
and  retention  of  enlisted  personnel In  essence,  a  similar  task  was  given  to  the  Services  by  the  Office 
of  the  Secretary  of  Defense  (OSD)  in  I9fi8,  when  guidance  was  issued  for  t  he  development  of  long  range 
enlisted  force  management  systems  The  Air  Force  response1  to  the  OSD  requirement,  the  Total  Objec 
live  Plan  for  Career  Airman  Personnel  (TOPCAP),  was  approved  in  1971  Similar  long  range  plans  for 
the  other  Services  have  now  been  approved  and  are  updated  annually  1  am  indebted  to  Major  M 
Bryant,  MKA&UMPP),  for  providing  this  background  information 
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tions  of  personnel  that  would  minimize  the  potential  for  management  problems  like 
those  experienced  in  the  late  1 950s  and  early  1960s.* 

With  the  advent  of  the  All-Volunteer  Force  (A  VF)  and  the  substantial  increases 
in  pay  for  enlistees,  the  problems  of  total  force  cost  and  capability  became  promi¬ 
nent  manpower  planning  concerns.  Consider  that  in  1964,  generally  regarded  as  the 
last  pre-Vietnam  year,  manpower  and  personnel  costs  were  just  over  $25  billion, 
slightly  less  than  40  percent  of  Department  of  Defense  expenditures.  But  in  1977 
those  costs  bad  exceeded  $60  billion  and  were  almost  60  percent  of  DOD's  total 
budget.  At  that  time  the  absolute  size  of  the  active  force  had  declined  by  over  13 
percent.  One  reason  manpower  costs  rose  so  dramatically  after  the  move  to  the 
AVF  was  DOD's  lack  of  response  to  the  changing  cost  and  supply  conditions  of  the 
enlisted  force. 

Table  1  compares  the  average  monthly  basic  pay  for  first  term  and  career 
personnel  for  selected  years  from  1958  to  1973.  Table  2  shows  the  distribution  of 
personnel  by  length  of  service,  for  selected  years  from  1966  to  1977.  Prior  to  the 
Vietnam  era,  the  pay  of  enlisted  personnel  with  less  than  four  years  of  service  was 
slightly  less  than  50  percent  of  that  of  personnel  with  five  or  more  years  of  service. 
At  the  same  time,  first  term  personnel  accounted  for  almost  60  percent  of  the  entire 
enlisted  force.  More  recently,  however,  first  term  wages  have  risen  to  almost  65 
percent  of  career  wages;  yet  service-wide,  first  term  enlistees  are  still  almost  60 
percent  of  the  enlisted  force.  This  suggests  that  although  first  term  personnel  are 
now  both  more  expensive  and  less  plentiful,  the  Services  have  not  incorporated 
these  factors  into  "desirable”  distributions  of  enlisted  personnel. 

Although  it  has  received  some  analytic  attention,  the  complex  problem  of  de¬ 
termining  economically  efficient  allocations  of  manpower  resources  remains  one 
of  the  major  unresolved  questions  in  the  management  of  the  All-Volunteer  Force.3 
The  issue  is  difficult  to  address  for  three  reasons: 

1.  The  distribution  of  personnel  by  length  of  service,  or  the  experience  mix 
of  the  force,  is  inextricably  bound  to  other  important  policy  questions  such 
as  mobilization,  readiness,  youthfulness  and  vitality  of  the  force,  reserve 
supply,  and  deployment  strategy.  Thus,  distributions  that  are  cost  effec¬ 
tive  in  a  narrowly  determined  economic  context  may  not  necessarily  be 
desirable  in  the  overall  context  of  defense  objectives. 

2.  The  structure  of  the  military  labor  market  is  unique.  Basically,  the  closed 
nature  of  the  military  personnel  system  and  its  lengthy  service  contracts 
make  the  estimation  of  both  labor  cost  and  supply  extremely  difficult.  This 
means  that  to  minimize  costs  in  an  economic  framework  a  great  deal  must 
be  known  about  the  productivity  of  individuals  over  time  who  are  now,  or 
who  may  be,  members  of  the  military  service. 

3.  It  is  difficult  to  define  precisely  what  defense  output  is  and  hence  to  mea¬ 
sure  how  various  military  inputs  contribute  to  it.  In  the  case  of  military 

’  The  Air  Force  in  1971  instituted  the  first  models  (or  personnel  management,  TOPOAP  (enlisted) 
and  TOPI. INK  (officer).  Shortly  thereafter,  the  Navy  designed  and  implemented  the  ADSTAP  personnel 
planning  model  All  three  of  these  models  are  designed  to  provide  a  "smooth"  force  profile  around  a 
minimum  career  requirement.  Fora  detailed  analysis  of  these  and  other  personnel  models,  see  Jaquette 
et  al  (1977). 

’  Tin-  major  research  efforts  in  this  regard  are  Smith  ( 1904),  Fisher  (1970),  and  Jaquette  and  Nelson 
(1974).  The  continuing  undertaking  of  the  basic  allocation  problem  is  addressed  in  Cooper  (1977). 
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Table  1 

Comparisons  of  Monthly  Basic  Pay  for  First-Termer  and 
Career  Personnel 


Year 

| 

Average  Monthly  Basic  Pay 

Career /First -Term 
l’av  Ratio 

— 

First-Term 

Career 

1 

1958 

$118 

$247 

2.09 

1969 

141 

288 

2.04 

1968 

175 

373 

2.13 

197 1 

246 

490 

1 .99 

1973 

365 

563 

[  1.54 

aWeighted  average  of  basic  pay  for  first-termers 
(<4  years)  and  careerists  (•'A  years);  calculations 
based  on  (1)  FY 1 9  7  2  pay  grade  distribution  for  each 
year  of  service,  and  (2)  Service  objective  plans  for 
vear-of-service  distributions  (furnished  by  OASD 
(M&RA) ) . 

^Before  the  AVF  pay  raise. 


Table  2 


Percentage  of  the  Enlisted  Force  in  the  First  Term 


Fiscal 

Year 

Army 

Naw 

USMC 

USAF 

DOD 

1962 

bb 

_ _  . 

r 

61 

66 

4  b 

59 

1964 

bb 

61 

66 

46 

59 

1966 

74 

64 

74 

50 

65 

1968 

81 

67 

82 

55 

72 

1970 

80 

67 

80 

50 

69 

1972 

65 

62 

'l  5 

50 

61 

19  74 

64 

57 

73 

51 

59 

19763 

64 

58 

74 

47 

59 

1977b 

63 

58 

74 

4  b 

59 

Force  Ob.) . 

57 

7  1 

_ 

' 

61 

SOURCE:  Data  furnished  by  OASD  (MARA). 


1 A s  of  September  30,  197b, 
''As  of  September  30,  1977  . 
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manpower  resources,  the  problem  is  to  assess  the  relative  productivity  of 
various  types  of  labor. 

The  research  reported  here  provides  empirical  estimates  of  both  the  relative 
productivity  and  the  substitutability  of  first  term  and  career  personnel  using  a 
sample  of  occupational  specialties  in  the  Air  Force  enlisted  force. 

Section  II  presents  a  general  framework  of  analysis  for  determining  economi¬ 
cally  efficient  allocations  of  manpower  resources  by  length  of  service,  focusing  on 
the  first  term/career  mix.  and  the  specific  methodology  adopted  for  this  analysis. 
Section  Ill  analyzes  the  problem  of  measuring  enlisted  productivity  in  the  military 
environment,  and  Section  IV  describes  the  Enlisted  Utilization  Survey  (EUS)  data 
base,  which  provides  the  basis  for  empirical  estimation  of  labor  productivity  for  a 
number  of  Air  Force  occupational  specialties.  The  productivity  measures  included 
in  the  EUS  data  base  are  examined  in  Section  V,  which  focuses  on  the  relative 
productivity  and  substitutability  of  first  term  and  career  manpower  resources. 
Estimates  of  labor  aggregation  functions  serve  to  summarize  the  productivity  and 
unit  composition  data  for  each  of  the  occupations  in  the  sample.  Section  VI  provides 
an  illustrative  optimization  framework  for  determining  economically  efficient  allo¬ 
cations  of  first  term  and  career  manpower  resources,  using  the  labor  aggregation 
functions  estimated  from  the  EUS  data  set.  Section  VII  presents  the  conclusions, 
research  extensions,  and  policy  recommendations.  Appendixes  A  and  B  give  addi¬ 
tional  details  about  the  EUS  survey,  and  Appendix  C  discusses  the  basic  costing 
method  described  in  Section  V. 


L-. 


11.  GENERAL  FRAMEWORK  AND  METHODOLOGY 


When  viewed  strictly  in  terms  of  resource  allocation,  the  optimal  distribution 
of  enlisted  personnel  by  length  of  service  would  (1)  minimize  total  force  costs  at  a 
given  level  of  military  effectiveness  or  (2)  maximize  effectiveness  at  a  given  level 
of  cost.  This  section  presents  a  general  framework  for  evaluating  the  economic 
efficiency  of  first  term  and  career  enlisted  manpower  resource  allocation  alterna¬ 
tives,  the  specific  information  requirements  of  the  determination  process,  and  the 
particular  cost  and  productivity  contexts  adopted  for  this  analysis. 


SCOPE 

This  analysis  uses  the  basic  technique  of  suboptimization  where  the  objective 
is  to  minimize  the  cost  of  providing  a  given  level  of  military  effectiveness  by 
substituting  experienced,  trained  personnel  (members  of  the  career  force)  for  inex¬ 
perienced.  untrained  personnel  (members  of  the  first  term  force).1  This  analysis 
attempts  to  find  policies  that  when  applied  to  a  small  part  of  the  total  national 
security  problem  will  provide  the  best  use  of  resources  devoted  to  that  part.  Of 
necessity  such  an  approach  takes  many  important  resource  allocation  questions  as 
given;  consequently,  results  of  this  analysis  will  likely  be  sensitive  to  higher  order 
allocation  decisions.  If  current  distributions  change,  the  results  may  change  also.1 

Military  effectiveness  is  the  end  product  of  combining  labor,  land,  and  capital 
to  form  and  train  military  units  and  activities.  These  units  and  activities  may  or 
may  not  actually  conduct  military  operations;  their  effectiveness  in  peacetime 
results  principally  from  their  potential  to  conduct  military  operations. 

The  problem  of  measuring  effectiveness  is  a  difficult  one  and  not  unlike  measur¬ 
ing  personal  well-being.  There  are  no  satisfactory  units.  There  is  no  such  thing  as 
too  much — only  too  little.  More  is  always  better  than  less,  but  more  must  always 
be  acquired  at  either  a  higher  cost  or  by  enhanced  efficiency.  Even  though  we 
cannot  measure  military  effectiveness  directly,  we  can  measure  the  manpower 
inputs  to  it.  A  central  part  of  this  analysis,  of  course,  is  that  not  all  military 
personnel  contribute  equally  to  military  effectiveness.  Thus,  using  relative  produc¬ 
tivity  measures,  we  can  take  a  specified  total  enlisted  force  distributed  by  occupa¬ 
tional  specialty  and  convert  total  numbers  of  personnel  in  each  specialty  to  effective 
equivalents. 

We  seek  cost  effective  mixes  of  first  term  and  career  personnel  that  will  mini¬ 
mize  the  present  value  of  the  cost  stream  incurred  in  providing  a  specified  present 
value  of  effective  man  years  of  service  to  specific  occupational  specialties,  assuming 
that  the  net  result  of  all  other  influences  on  military  effectiveness  remains  un¬ 
changed 

Some  important  restrictions  to  this  analysis  should  be  stated  at  the  outset. 
First,  the  analysis  is  limited  to  a  set  of  seventeen  Air  Force  occupational  specialties 

1  Hitch  provides  a  rigorous  definition  of  suboptimization  and  its  limitations 

*  Much  of  the  formulation  of  the  general  framework  of  the  analysis  is  drawn  from  Smith  (196-t) 
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whoso  personnel  in  aggregate  constitute  only  slightly  more  than  25  percent  of  the 
Air  Force  enlisted  force;  even  taken  hv  aggregate  measures,  the  sample  is  not 
exhaustive  The  occupational  specialties  included  in  the  sample,  however,  repre¬ 
sent  a  wide  range  of  technical  difficulty,  including  highly  skilled  occupations  such 
as  avionic  electronics  repairs  as  well  as  rat  her  low  level  skills  such  as  food  prepara¬ 
tion  and  supply  specialties.  Because  of  this  wide  range  and  the  similarities  among 
occupational  skill  types  within  the  sample,  the  analysis  of  a  subset  of  occupations 
will  be  meaningful  in  evaluating  the  efficiency  of  allocations  for  all  others  in  the 
Air  Force. 

A  second  restriction  concerns  time  streams  and  present  values.  For  purposes 
of  this  analysis  the  transition  costs  of  force  restructure  are  largely  ignored.  That 
is  to  say.  this  research  compares  steady-state  forces  rather  than  the  present  values 
of  each  of  the  alternative  forces.  As  mentioned  before,  dynamic  considerations  are 
important  because  changes  in  the  enlisted  force  structure  cannot  be  achieved 
immediately .  in  many  cases  they  would  require  more  than  twenty  years.  However, 
because  we  want  to  assess  the  potential  for  cost  reduction  or  effectiveness  gains 
associated  with  a  reduced  reliance  on  a  predominantly  junior  force,  our  approach 
underestimates  the  savings  associated  with  a  move  to  a  more  senior  force.  The 
benefits  associated  with  reduced  demand  for  new  recruits  will  be  enjoyed  almost 
immediately  while  many  costs  associated  with  an  increase  in  career  personnel  will 
not  he  borne  for  a  number  of  years. 

Because  of  these  limitations,  the  results  of  this  research  do  not  constitute  and 
are  not  intended  to  serve  as  strictly  determined  sets  of  local  optima  for  the  first 
term  career  mixes.  Rather,  they  suggest  feasible  spaces  of  force  restructure  consis¬ 
tent  with  cost  effectiveness  considerations  and  suggest  directions  for  change  giecn 
the  current  enlisted  foree  structure. 


GENERAL  FRAMEWORK 

Development  of  a  general  framework  of  t  he  analysis  hinges  on  the  distinction 
between  first  term  and  career  personnel.  This  is  the  key  to  analyzing  the  problem 
of  a  cost  effective  experience  mix  of  the  enlisted  force.  Essentially,  the  analysis 
specifies  the  consequences,  in  terms  of  both  costs  and  returns,  of  a  reenlistment 
decision  at  the  end  of  the  first  term  of  enlistment.  These  consequences,  properly 
stated,  shed  light  on  the  cost  effective  mix  for  a  specific  occupational  specialty  by 
estimating  the  maximum  number  of  career  personnel  to  retain  before  it  becomes 
more  efficient  to  acquire  new  enlistees. 

The  general  framework  within  which  the  current  suboptimization  procedure  is 
carried  out  derives  from  the  economic  theory  of  the  firm.  The  fundamental  concept 
is  that  of  a  cost  minimizing  firm  which  can  substitute  between  two  inputs  (first  term 
personnel  and  career  personnel)  to  achieve  a  given  level  of  output.  Asssociated  with 
each  of  these  two  inputs  is  an  expected  value  of  effective  man  years  and  an  expected 
cost.  In  general,  the  least  costly  force  of  any  given  effectiveness  will  result  when 
the  incremental  contribution  to  effectiveness  of  first  term  personnel  and  of  career 
personnel  just  balances  the  incremental  cost  of  hiring  an  additional  member  of  each 
category. 

This  relationship  can  be  summarized  by  the  equation: 
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MP  MP, 
_ c  f 

MC  MC. 
c  f 


(1) 


where  \1PC  =  marginal  productivity  of  career  personnel, 

MP,  =  marginal  productivity  of  first  term  personnel, 

MCt.  =  marginal  cost  of  career  personnel, 

MC,  =  marginal  cost  of  first  term  personnel. 

As  mentioned  previously,  a  key  element  of  this  analysis  derives  from  our 
expectation  that  the  costs  and  productivities  of  first  term  and  career  personnel  will 
be  quite  different.  For  example,  we  would  expect  that  the  marginal  product  of  a 
career  member,  MP  , ,  will  generally  exceed  the  marginal  product  of  a  first  termer, 
MP( ,  for  several  reasons.  The  career  member  is  more  effective  than  the  first  termer 
because  more  investment  has  been  made  in  training  the  careerist  and  in  giving  him 
on-the-job  experience.  Furthermore,  career  personnel  are  available  to  contribute 
fully  to  effectiveness  throughout  a  term  of  service,  whereas  first  term  personnel 
must  have  at  least  basic  military  training  and,  in  most  cases,  some  form  of  advanced 
training  before  they  can  effectively  enter  the  force.  Hence  for  any  specialty  i,  it  is 
likely  that,  on  average. 


MPci  >  MP 


fi 


(2) 


Similarly,  because  career  personnel  occupy  higher  pay  grades,  have  greater 
pay  seniority,  and  are  much  more  likely  to  qualify  for  a  retirement  benefit. 


MCd>MCfi  (3) 

That  is,  in  general,  one  input  is  both  more  expensive  and  more  productive  than  the 
other.  To  find  the  efficient  mix  of  personnel  for  any  given  occupational  specialty, 
we  need  an  optimization  framework  for  assessing  the  relative  costs  and  benefits  of 
first  term  and  career  personnel  simultaneously  over  a  wide  range  of  force  mix 
alternatives. 

The  general  design  of  such  an  optimization  framework  for  the  military  force 
mix  problem  has  been  provided  by  Jaquette  and  Nelson  (1974)  and  later  elaborated 
on  by  Munch  !  1977).  In  both  of  these  studies  specific  cost  and  supply  models  reflect¬ 
ing  the  military  compensation  system  and  closed  personnel  system  were  derived 
from  actual  cost  data  and  empirical  research  regarding  labor  supply  in  the  military 
context.  However,  in  neither  case  were  actual  productivity  data  used  to  specify  the 
productivity  relationships  between  different  types  of  military  labor.  Although  us¬ 
ing  the  same  general  framework  for  the  optimization  analysis,  the  present  research 
focuses  on  the  estimation  of  productivity  relationships  using  productivity  data.  The 
basic  elements  of  the  optimization  framework  are  described  in  Section  VI.  The 
general  productivity  model  adopted  for  this  analysis,  its  characteristics,  and  its 
utility  for  the  force  mix  problem  are  discussed  below. 

In  our  development  of  conditions  of  economic  efficiency,  we  stated  that  the 
relative  values  of  first  term  and  career  marginal  productivity  depend  not  only  on 
the  experience  of  the  two  groups,  but  also  on  the  specific  mix  of  the  force.  Clearly, 
adequate  specifications  of  the  general  model  in  terms  of  productivity  for  each 
occupation  must  include  two  key  elements:  (1)  measuresof  the  relative  productivity 
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of  first  term  and  career  personnel  and  (2)  some  measure  of  how  these  relative 
productivities  change  with  changes  in  the  input  mix. 

As  a  first  step  in  specifying  the  requirement  of  the  general  model  in  terms  of 
productivity  we  will  want  a  reformulation  of  the  efficiency  conditions  in  terms  of 
productivity  alone.  This  can  easily  be  accomplished  by  rearranging  terms  of  the 
general  efficiency  conditions  expressed  in  Eq.  (1).  Rearranging  terms  in  (1)  we  find 
that  all  other  things  being  equal,  the  conditions  of  economic  efficiency  can  be 
likewise  expressed  as 


MP  .  MC  ■ 
_ ci  _  m 

MP,.  MC, 

fi  fi 


(4) 


and  interpreted  as  an  equation  of  the  ratio  of  the  marginal  products  of  two  inputs 
and  the  ratio  of  their  marginal  costs.  This  formulation  is  more  useful  analytically 
since  it  recasts  the  general  efficiency  conditions  in  terms  of  costs  and  productivity 
alone,  and  thus  allows  us  to  address  each  issue  independently,  at  least  initially. 

With  regard  to  productivity,  the  formulation  of  efficiency  conditions  in  Eq.  (4) 
is  a  particularly  useful  one  since  it  can  be  interpreted  directly  in  the  context  of  the 
economic  theory  of  production.  Assuming  that  substitution  between  first  term  and 
career  personnel  is  possible  within  a  given  occupation,  the  first  term  in  (4)  indicates 
the  tradeoff  potential  between  first  term  and  career  personnel  which  at  a  specific 
output  level  will  leave  that  output  or  effectiveness  level  unchanged.  This  term 
corresponds  to  the  economic  concept  of  the  marginal  rate  of  substitution  between 
factors  of  production  at  one  particular  production  point,  a  useful  measure  for 
specifying  overall  production  processes.  Thus,  the  initial  requirement  from  the 
general  model  that  productivity  be  expressed  in  terms  of  the  marginal  productivi¬ 
ties  of  first  term  and  career  personnel  can  now  be  defined  in  terms  of  the  marginal 
rate  of  substitution  between  first  term  and  career  labor  at  particular  production 
points.  Furthermore,  the  general  model's  assertion — that  the  ratios  of  productivity 
to  cost  will  tend  to  equilibrate  given  substitution  between  the  two  labor  types — can 
now  be  reformulated  in  terms  of  productivity  alone,  namely  that  changes  in  the  first 
term  career  mix  will  affect  the  marginal  rate  of  substitution. 

in  a  sense,  this  latter  condition  indicates  the  ease  of  substitution  between  first 
term  and  career  inputs.  That  is,  the  less  responsive  the  marginal  rate  of  substitu¬ 
tion  is  to  changes  in  the  mix.  the  broader  the  ranges  of  substitution  opportunity, 
and  conversely,  the  more  the  rate  of  substitution  changes,  the  narrower  the  substi¬ 
tution  opportunity. 

For  an  accurate  assessment  of  production  efficiencies,  we  must  specify  how 
dissimilar  manpower  inputs  are  to  be  translated  into  military  effectiveness.  The 
economic  concept  of  a  production  function  provides  one  method  of  aggregating 
inputs  based  on  their  relative  productivity  and  substitutability  and  relating  these 
aggregate  measures  to  levels  of  output.  In  theory,  production  functions  are  defined 
for  all  inputs  to  the  production  process;  however,  within  the  context  of  suboptimiza¬ 
tion,  parts  of  the  overall  production  function  may  be  specified  contingent  on  some 
assumptions  about  the  nature  of  the  production  function  as  a  whole. 

For  a  given  level  of  military  production  or  effectiveness,  we  can  conceive  of 
many  different  combinations  of  inputs  that  will  achieve  that  level  efficiently.  With 
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respect  to  manpower  inputs,  we  can  think  of  a  specific  level  of  military  production 
that  will  represent  the  maximum  achievable  output  for  either  a  small,  relatively 
experienced  labor  force  or  a  large,  relatively  less  experienced  one.  We  can  think, 
therefore,  of  an  explicit  functional  relationship  between  the  effectiveness  levels  and 
labor  inputs  that  reflects  these  conditions. 

Consider  the  aggregate  effectiveness  function, 

E  f(Z,  Lf,  Lt.),  (5) 

w  here  K  is  a  measure  of  military  effectiveness,  1. ,  represents  first  term  labor  inputs, 
L,  represents  career  labor  inputs,  and  Z  represents  all  other  inputs  to  military 
effectiveness  The  expression  of  effectiveness  levels  in  terms  of  first  term  and  career 
labor  inputs  alone  is  based  on  the  assumption  that  it  is  legitimate  to  rewrite  (5)  as 

E  F 1 Z.  f(Lf.  Lt.H  ftZ.L*).  (6) 

We  then  seek  the  proper  specification  of  the  function 

1/  RLf,  Iv),  (7) 

where  1.  is  the  total  supply  of  fully  effective  personnel  equivalent  to  military 
effectiveness 

The  concept  of  a  labor  aggregation  function  is  based  on  the  assumption  that  the 
effect  ixeness  function  (of  is  separable  in  the  form  of  (6).  The  requirements  of  separa¬ 
bility  are  stringent,  namely  that  the  levels  of  nonlabor  inputs  (Z)  have  no  influence 
on  the  relative  marginal  productivities  of  different  types  of  labor  inputs.3  Thus,  for 
this  analysis,  we  have  obscured  the  possibility  of  differences  in  the  degree  of  com¬ 
plementarity  between  nonlabor  inputs  and  various  types  of  labor. 

Returning  to  the  aggregation  function  defined  in  |6).  the  rate  at  which  we  can 
exchange  first  term  for  career  labor  inputs  at  the  margin,  while  holding  effective¬ 
ness  constant,  reflects  the  marginal  productivities  of  the  two  types  of  labor  at  that 
point  These  substitutions,  however,  may  not  be  direct  in  the  sense  of  two  raw 
recruits  doing  the  exact  work  of  one  experienced  individual. 

For  example,  consider  the  case  of  a  specific  avionics  repair  shop  operating  with 
5  experienced  technicians  and  10  inexperienced  trainees.  At  this  manning  level, 
reducing  the  experienced  group  by  1  man  may  be  offset  by  the  addition  of  3  more 
inexperienced  trainees.  Together  these  trainees  will  not  accomplish  the  exact  same 
tasks  as  the  experienced  technician  but  will,  in  all  likelihood,  be  assigned  to  many- 
different  tasks  requiring  little  or  no  experience.  Thus  the  remaining  experienced 
technicians  will  have  more  time  to  accomplish  the  tasks  requiring  more  advanced 
technical  skills.  At  that  particular  manning  level  we  can  think  of  a  3  to  1  tradeoff 
of  inexperienced  for  experienced  personnel  while  holding  output,  or  effectiveness, 
constant. 

Now  the  avionics  repair  shop  operates  at  the  same  effectiveness  level,  but 
manned  by  l  experienced  technicians  and  13  inexperienced  trainees.  Rut  at  this 
new  manning  level,  a  reduction  of  the  experienced  group  by  1  technician  may  not 
be  adequately  offset  by  3  additional  trainees.  As  many  as  5  trainees  may  be  re¬ 
quired  to  replace  1  experienced  man  in  the  indirect  manner  we  described  before. 

s  For  ,i  thorough  and  formal  discussion  of  these  functional  relationships  and  their  implications  see 
lA»ontu*f‘  1 194?) 
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At  the  new  manning  level,  the  tradeoff  of  inexperienced  for  experienced  labor  is  5 
to  1  This  underscores  the  need  for  first  term/career  productivity  assessments  to 
include  not  only  the  marginal  rates  of  substitution  between  input  types  reflected 
by  relative  marginal  productivities,  but  also  some  indication  of  how  these  rates 
change  given  changes  in  the  overall  mix. 

One  measure  that  explicitly  reflects  changes  in  substitution  opportunities  as¬ 
sociated  with  changes  in  the  input  mix  is  the  elasticity  of  substitution.  This  measure 
represents  the  proportionate  rate  of  change  in  the  experience  mix  divided  by  the 
proportionate  rate  of  change  of  the  tradeoff  opportunity,  that  is,  the  marginal  rate 
of  substitution.  Mathematically,  the  elasticity  of  substitution  between  first  term 
and  career  inputs  from  (6 1  can  be  expressed 


L 

d  log  — 
f 


d  log 


<81 


The  labor  aggregation  function  used  as  a  specification  in  this  analysis  is  the 
constant  elasticity  of  substitution  (CES)  function  first  introduced  by  Arrow,  Che- 
nerv,  Minhas,  and  Solow  in  1961, 4  Mathematically,  this  function  has  the  property 
of  allowing  any  positive  value  for  the  elasticity  of  substitution  between  inputs,  and 
although  initially  designed  for  two  inputs — capital  and  labor — can  accommodate 
any  number  of  inputs  as  long  as  the  elasticity  of  substitution  between  any  pair  is 
constant  over  all  ranges  of  inputs.  The  general  form  of  the  function  is 

1 

E  =  (a  Xx'p  +  (1-  a)X2~P)  p  ,  (9) 

where  the  parameter  0  <  a  <  1. 

The  marginal  productivities  of  the  inputs  in  this  formulation  are 


the  marginal  substitution  is 


MRS 


p  +  1 


(10) 


(ID 


'  Arrow  et  al.  (1966) 
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and  the  elasticity  of  substitution  is 


a 


(12) 


Thus  the  parameter  p  is  closely  related  to  the  elasticity  of  substitution  and  hence 
is  referred  to  as  the  substitution  parameter  of  the  function. 

The  a’s  are  distribution  parameters.  They  reflect  the  relative  productivity  of 
the  different  inputs.  For  example,  if  a  1  a,  then  the  marginal  productivity  of 
tirst  term  and  career  personnel  is  equal  at  the  point  where  the  number  of  first  term 
and  career  personnel  is  equal. 

The  CES  function  therefore  includes  the  special  cases  of  infinite  elasticity  and 
7.ero  elasticity,  since  from  ( 12)  when  p  —  «,  cr  0;  and  when  p  1,  o  =■ «.  The 
proof  of  the  latter  is  trivial.  The  former  requires  a  complicated  limiting  argument.5 

The  usefulness  of  this  particular  function  as  a  specification  of  production  pro- 
cesses  derives  from  its  previously  mentioned  flexibility  and  analytic  tractability. 
Reformulating  >7)  in  terms  of  the  ratio  of  the  marginal  products  of  first  term  and 
career  personnel,  we  see  that 


and  taking  logarithms  of  both  sides  of  the  equation,  the  parameters  may  be  directly 
estimated  by  ordinary  least  squares  (OLS)  regression.  This  shows  how  the  first 
term -career  ratio  for  a  particular  occupation  changes  with  changes  in  the  ratio  of 
the  productivities  of  the  two  labor  inputs. 

Use  of  this  particular  functional  form  for  an  analysis  of  labor  aggregation  is  not 
unique.  In  his  study  of  the  role  of  education  in  economic  growth,  Samuel  Bowles 
1 1970)  first  used  the  CES  function  to  estimate  the  elasticity  of  substitution  among 
labor  types  with  different  levels  of  education  across  occupations.  Following  a  simi¬ 
lar  approach,  Dougherty  1 1971)  used  the  CES  formulation  to  specify  a  labor  aggre¬ 
gation  function  that  used  occupation  as  opposed  to  education  as  a  basis  of  disag¬ 
gregating  labor  types.  In  both  of  these  cases,  international  cross  sectional  data  were 
utilized  for  estimating  relationships  betw'een  marginal  products  and  input  ratios, 
and  in  both  cases  wages  were  used  as  proxy  measures  for  marginal  productivity. 
The  results  of  these  two  analyses  indicated  that  the  manpower  requirements  ap¬ 
proach  to  education  planning  (essentially  a  fixed  factor  production  function)  should 
be  abandoned,  but  that  the  elasticities  of  substitution  among  occupational  labor 
types  were  sufficiently  high  to  be  adequately  approximated  by  an  infinite  elasticity 
of  substitution  model. 

The  present  analysis,  although  analogous  in  approach,  is  quite  different  in 
terms  of  scope  because  it  addresses  the  substitution  of  experience  categories  within 
specific  occupations  rather  than  across  different  occupations. 


5  For  the  formal  proof  see  Henderson  and  Quandt  (1971.  p  87). 


The  specific  CES  function  proposed  for  this  analysis  is  a  nested  constant  elastici¬ 
ty  of  substitution  function  of  the  general  form:8 


and 
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where 


1  « j  =  a  +  a  =  1 
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Overall  specialty  effectiveness,  E,,  is  a  CES  function  in  a  first  term  labor  index 
(L*fi )  and  career  labor  (L,.*).  E*fi,  in  turn,  is  a  CES  function  in  actual  first  term  inputs 
( Lfj.  >.  To  illustrate  the  application  of  this  function  to  a  specific  occupation,  the  L(Ji 
may  denote  the  set  of  first  term  inputs  within  which  individuals  are  perfect  substi¬ 
tutes,  i.e.,  year  of  service.  L '  denotes  the  number  of  quality-adjusted  equivalents 
in  the  first  term  of  service,  and  Ln  denotes  the  number  of  career  equivalents.  The 
two-tier  formulation  permits  variation  in  the  elasticity  of  substitution  between 
pairs  of  basic  inputs.  Thus,  it  can  be  specified  that  men  in  different  year  groups 
within  the  first  term  are  better  substitutes  for  each  other  than  men  in  the  career 
force.  In  the  limit,  men  in  a  first  term  of  service  for  a  specific  occupation  are  perfect 
substitutes  for  one  another,  and  (15)  reduces  to 

N 

L*fi  =  *  "i  V  (I6) 

i=l 

where  a,  is  the  marginal  productivity  of  first  term  personnel  in  the  it h  year  of  a 
first  term  of  service. 


“  This  extension  of  the  basic  I'KS  formulation  was  first  described  in  Sato  (ltMiTl 
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The  reason  this  nested  or  first  tier  function  has  been  included  in  the  general 
formulation  follows  from  our  earlier  discussion  of  the  general  formulation  of  the 
experience  mix  allocation  problem.  We  argued  then  that  the  first  term-career  dis¬ 
tinction  was  a  useful,  but  admittedly  arbitrary,  disaggregation  of  military  manpow¬ 
er  resources.  The  formulation  of  a  nested  CES  function  allows  us  to  address  the 
issue  of  nonhomogeneity  among  first  term  inputs  and  to  test  the  hypothesis  that 
a  linear  aggregation  of  first  term  inputs  is  in  all  cases  the  appropriate  specification 
of  the  first  term  labor  index. 


III.  PRODUCTIVITY  MEASUREMENT 


This  section  discusses  the  general  problem  of  definition  and  measurement  of 
labor  productivity  in  the  military  environment.  Various  measurement  techniques 
are  evaluated,  with  emphasis  on  their  attributes  and  applicability  as  a  potential 
data  base  for  providing  estimates  of  (1)  the  marginal  rate  of  substitution  and  (2) 
elasticity  of  substitution  between  first  term  and  career  personnel. 


PROPERTIES  OF  PRODUCTIVITY  MEASUREMENT  FOR  AN 
ANALYSIS  OF  THE  ENLISTED  EXPERIENCE  MIX 

In  this  section  the  advantages  and  disadvantages  of  alternative  approaches  to 
the  measurement  problem  are  assessed  for  their  conceptual  appropriateness  and 
the  applicability  of  resulting  data  to  the  problem  of  estimating  military  productiv¬ 
ity. 

Productivity  measures  to  evaluate  the  consequences  of  the  utilization  of  addi¬ 
tional  first  term  or  career  personnel  should  (1)  measure  net  marginal  productivity 
rather  than  gross  marginal  productivity;  (2)  be  linked  to  the  personal  character¬ 
istics  of  the  individual  to  whom  they  apply;  and  (3)  be  linked  to  the  unit  composition 
within  which  the  members  of  the  sample  work. 

First,  the  relevant  productivity  measure  in  determining  an  efficient  mix  of 
enlisted  personnel  by  length  of  service  is  net  marginal  productivity,  that  is,  the 
increment  to  military  effectiveness  that  can  be  attributed  to  an  additional  reenlist¬ 
ment  or  replacement.  It  is  important  to  distinquish  net  from  gross,  or  direct,  produc¬ 
tivity.  The  two  are  not  necessarily  the  same  and  are  often  confused.  As  we  use  the 
terms,  an  individual’s  gross  marginal  productivity  is  the  amount  he  personally 
contributes  to  unit  effectiveness;  his  net  marginal  productivity  is  the  net  difference 
between  the  unit's  effectiveness  level  in  his  presence  or  absence.  The  two  need  not 
be  the  same,  anil  the  relationship  between  them  can  be  expected  to  change  system¬ 
atically  with  experience. 

Consider,  for  example,  a  new  recruit  joining  a  work  unit  just  after  complet  ing 
his  advanced  training.  Initially,  he  will  be  able  to  complete  some  simple  tasks,  but 
he  will  almost  certainly  need  fairly  close  supervision.  His  gross  marginal  productiv¬ 
ity  under  these  circumstances  would  be  represented  by  the  work  he  personally 
completes.  However,  the  decline  in  his  supervisor’s  production  above  and  beyond 
the  necessary  supervisory  responsibilities  of  routine  unit  management  represents 
a  real  decline  in  potential  unit  effectiveness;  thus  the  new  recruit’s  net  marginal 
productivity  will  represent  the  net  difference  between  the  two  manning  levels.  As 
the  recruit  acquires  more  experience,  his  gross  marginal  productivity  will  normally 
increase,  and  the  amount  of  direct  supervision  he  requires  will  decrease.  As  a 
result,  net  marginal  productivity  rises  more  rapidly  than  gross  marginal  productiv¬ 
ity.  At  some  point,  direct  supervision  will  become  minimal,  and  gross  and  net 
marginal  productivity  will,  for  all  intents  and  purposes,  be  identical. 

To  the  extent  that  the  two  measures  do  differ,  however,  net  marginal  productiv¬ 
ity  is  clearly  the  relevant  concept  because  it  measures  the  impact  on  actual  mission 
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effectiveness  associated  with  the  utilization  of  additional  personnel.  Furthermore, 
for  estimates  of  first  term  productivity,  these  differences  are  likely  to  be  quite  large 
and  will  substantially  affect  an  analysis  of  the  relative  productivities  and  cost 
effectiveness  of  first  term  and  career  personnel.  Productivity  estimates  that  mea¬ 
sure  gross  or  direct  marginal  productivity  rather  than  net  marginal  productivity 
will  tend  to  overstate  the  initial  productivity  of  enlisted  personnel,  hence  implying 
efficient  mixes  that  would  use  excessive  first  term  manpower  resources.  Thus,  the 
case  for  using  measures  of  net  marginal,  as  opposed  to  gross  marginal,  productivity 
derives  not  only  from  conceptual  reasons,  but  more  importantly,  from  the  differ¬ 
ences  in  results  the  two  approaches  provide. 

Productivity  measures  should  also  permit  estimates  to  be  made  with  respect  to 
specific  individuals  and  those  estimates  to  be  related  to  the  personal  characteristics 
of  those  observed.  As  previously  mentioned,  the  distinction  of  military  labor  by 
terms  of  service  is  an  admittedly  arbitrary,  but  useful  way  of  categorizing  enlisted 
personnel.  It  is  likely,  however,  that  these  categorizations  of  experience  may  clas¬ 
sify  essentially  nonhomogeneous  labor  inputs  together,  especially  during  the  first 
term  of  service.  To  determine  homogeneous  first  term  subgroups  for  the  purpose 
of  making  productivity  analysis  of  labor  category  more  accurate,  we  must  be  able 
to  assess  the  productivity  of  a  variety  of  subgroups  within  the  first  term  category 
independently.  Because  relative  productivity  will  likely  change  dramatically  with¬ 
in  a  first  term,  more  accurate  estimates  of  average  first  term  productivity  can  be 
derived  from  subgroup  estimates  than  from  overall  estimates  of  the  first  term 
average.1  Thus,  productivity  measures  should  be  made  with  respect  to  specific 
individuals  and,  in  turn,  these  measures  related  to  the  characteristics  of  the  in¬ 
dividuals  observed. 

Finally,  measures  of  individual  productivity  should  be  linked  to  the  particular 
experience  mix  and  manning  level  of  the  work  unit  from  which  they  are  drawn, 
since  determining  an  efficient  mix  of  manpower  resources  depends  not  only  on 
knowledge  about  the  relative  productivities  of  specific  experience  groups  but  also 
on  how  these  productivities  are  likely  to  change  with  changes  in  the  overall  mix. 
In  a  sense,  then,  the  particular  experience  mix  of  an  individual’s  work  unit  repre¬ 
sents  a  microcosm  of  the  entire  enlisted  experience  mix.  Since  the  experience  mix 
is  likely  to  vary  from  unit  to  unit,  measures  of  relative  productivity  that  can  be 
related  to  unit  composition  will  allow  us  to  evaluate  the  productivity  of  specific 
experience  categories  over  a  wide  range  of  labor  force  environments. 


ALTERNATIVE  MEASUREMENT  PROCEDURES  AND 
EXAMPLES  IN  THE  MILITARY  CONTEXT 

Measures  with  the  properties  described  above  can  be  gathered  in  a  number  of 
ways.  This  section  describes  the  strengths  and  weaknesses  of  three  major  alterna¬ 
tives  and  how  each  applies  to  the  problem  of  estimating  military  productivity. 

Effectiveness  Measurement 

The  general  character  of  the  productivity  measures  one  would  collect  with 
unlimited  resources  is  fairly  straightforward.  It  would  involve  estimating  an  indi- 


1  The  reasons  tor  tins  assumption  will  In*  more  fully  developed  later 
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vidual’s  net  productivity  by  measuring  a  unit’s  effectiveness  in  his  presence  and 
absence.  For  example,  a  particular  unit’s  effectiveness  or  output  could  be  measured 
with  its  full  complement  of  personnel  and  then  with  various  combinations  of  n  -  1 
personnel.  Then  the  difference  in  effectiveness  with  ;uul  without  a  given  person 
would  be  the  measure  of  his  net  contribution  to  unit  effectiveness. 

The  basic  problem  with  this  approach,  however,  is  that  measuring  military 
effectiveness  is  extremely  difficult.  As  previously  mentioned,  military  effectiveness 
defies  parameterization;  no  unit  of  measure  across  occupations  is  satisfactory.  As 
a  result,  this  approach  is  most  applicable  where  there  are  proxy  measures  of  output 
or  effectiveness  such  as  direct  production  of  some  service  or  output  such  as  radios 
repaired  or  maintainence  achieved,  etc.  However,  even  within  the  context  of  tangi¬ 
ble  output,  measuring  unit  output  is  difficult  to  do. 

Fven  within  a  given  occupation,  there  are  many  different  types  of  output. 
Within  a  given  shop,  for  example,  several  types  of  equipment  may  be  maintained 
and  repaired  and  many  types  of  failures  may  occur.  If  the  difficulty  of  repairing 
different  types  of  failures  over  time  varies  substantially,  the  number  of  repairs  that 
can  be  turned  out  in  a  given  number  of  man-hours  will  vary  substantially.  Weights 
must  be  developed  for  different  types  of  repair,  and  output  must  be  measured  as 
a  weighted  sum  of  the  type  of  repairs  accomplished.  When  the  context  is  broadened 
to  include  multiple  shops,  the  development  of  appropriate  weights  is  even  more 
important  because  of  differences  in  equipment  mixes  among  shops. 

It  should  be  apparent  from  the  preceding  discussion  that  the  ''ideal"  sort  of 
productivity  measures  would  be  quite  costly  to  assemble  and  would,  in  spite  of  the 
cost,  be  less  than  perfect.  However,  several  attempts  have  been  made  to  use  effec¬ 
tiveness  measurement  to  assess  productivity  in  the  military  context. 

Two  notable  instances  of  the  direct  measurement  approach  are  Scifers  (1974) 
and  Horowitz  and  Sherman  (1976).  In  the  former  study,  the  measure  of  output 
selected  reflected  the  number  of  direct  maintenance  man-hours  attributable  to  the 
number  and  type  of  avionics  repairs  accomplished  by  several  avionics  repair  shops 
in  the  Air  Force.  The  measure  was  selected  not  only  because  of  its  proximate 
relationship  with  actual  output,  but  also  because  it  is  a  standard  Air  Force  account¬ 
ing  measure  for  assessing  workloads  and  designing  maintainence  schedules. 

Horowitz  and  Sherman  used  a  measure  of  failure  rates  among  specific  types 
and  classes  of  naval  vessels  as  proxy  measures  of  output  for  naval  missions.  Again 
this  measure  was  selected  on  the  basis  of  its  relationship  to  output  and  the  availabil¬ 
ity  of  data  as  a  standard  accounting  metric.  In  both  cases  the  number  of  observa¬ 
tions  were  of  necessity  extremely  limited  and  the  problems  of  controlling  for  in¬ 
tervening  variables  were  substantial.  The  problem  in  avionics  repair  estimates  con¬ 
cerned  adequate  control  for  workload  surges  and  dissimilarity  of  repair  type,  as 
w’ell  as  the  inherent  bias  in  the  estimates  stemming  from  the  fact  that  they  are 
self-appraisals  used  for  performance  evaluation.  In  the  case  of  ship  failures,  main¬ 
tenance  history  and  specific  conditions  of  sea  duty  make  measures  of  system  fail¬ 
ure  difficult  to  interpret  in  the  context  of  manning  levels  alone. 

•lob  Knowledge  Tests 

One  approach  that  retains  the  characteristics  of  direct  measurement  but  in¬ 
volves  measures  that  are  simpler  to  develop  and  administer  is  the  job  performance 
testing  apprmu  h.  This  concept  involves  testing  individuals  on  a  specific  set  of  skills 
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used  in  their  specialty.  By  testing  people  with  different  amounts  of  on-the-job 
experience,  or  one  person  at  several  points  in  time,  the  relationship  between  pro¬ 
ductivity  and  experience  can  be  estimated. 

There  are  several  major  limitations  to  this  approach,  however.  It  involves 
measurement  of  direct  or  gross  marginal  productivity  rather  than  net  marginal 
productivity,  and  there  are  real  questions  about  how  well  such  tests  measure 
productivity  Kven  ifthe  set  ofjob  tasks  accurately  reflects  the  duties  in  a  particular 
occupation,  they  may  not  he  a  good  reflection  of  a  particular  individual’s  actual 
duties,  and  hence  his  real  contribution  to  unit  effectiveness. 

In  addition,  job  tests  administered  in  a  controlled  environment  will  not  provide 
insight  into  how  actual  job  performance  relates  to  the  specific  work  unit’s  composi¬ 
tion.  Thus,  even  though  two  individuals  perform  identical  on-the-job  tests,  their 
individual  contribution  to  unit  effectiveness  may  differ  depending  on  how  the  work 
in  their  particular  unit  is  organized  and  what  manpower  resources  the  unit  has  to 
accomplish  its  mission. 

Job  knowledge  tests  have  been  used  to  evaluate  military  productivity,  as  in  the 
Project  Utility  Study  conducted  by  the  Human  Resources  Research  Organization 
of  the  Department  of  the  Army  (Vineberg  and  Taylor,  1972).  In  this  study,  the 
performance  of  enlisted  specialists  in  four  Army  occupations  (armor  crewman, 
general  vehicle  repairman,  supply  specialist,  and  food  management)  were  evaluat¬ 
ed  using  objectively  scored  job  sample  tests  involving  representative  tasks  taken 
from  each  job.  The  results  of  these  tests  were  plotted  against  the  mont  hs  on  the  job 
of  those  observed  to  provide  a  performance  profile  for  each  occupation  in  terms  of 
on-the-job  experience.  The  sample  included  over  350  observations  per  occupation. 
The  results  of  the  research  indicated,  among  other  things,  that  performance  is 
positively  correlated  with  experience,  and  that  performance  does  not  tend  to  de¬ 
cline  at  any  time  before  twenty  years  of  service. 

Problems  with  this  kind  of  measure  derive  from  important  time  and  cost  con¬ 
straints  actual  measurement  imposed  on  the  sample  size  (in  this  case  only  four 
occupations  were  analyzed),  as  well  as  from  the  uncertain  relationship  between 
performance  as  evidenced  by  job  knowledge  tests  and  actual  on-the-job  productiv¬ 
ity;  that  is,  the  difference  between  an  individual’s  potential  for  performance  and 
his  actual  on-the-job  performance.  Furthermore,  this  particular  case  implicitly 
assumes  that  the  scale  of  performance  is  identical  to  the  scale  of  actual  productiv¬ 
ity.  For  example,  since  the  specific  job  tests  were  unweighted  in  terms  of  perfor¬ 
mance  scores  there  is  an  implicit  assumption  that  a  1  percent  difference  in  perfor¬ 
mance  scores  corresponds  to  a  1  percent  difference  in  actual  productivity.  Since, 
however,  it  is  unlikely  that  all  job  tasks  in  a  given  occupation  contribute  equally 
to  unit  effectiveness,  such  measures  will  tend  to  misrepresent  real  on-the-job  pro¬ 
ductivity  depending  on  the  relationship  between  the  two  scales  and  the  relevant  job 
task  weights.  Finally,  even  if  these  job  knowledge  scores  actually  did  reflect  produc¬ 
tivity,  they  would  reflect  measures  of  gross  marginal,  as  opposed  to  net  marginal, 
productivity.  They  would  thus  tend  to  systematically  overestimate  the  productivity 
of  individuals  early  in  a  service  career. 

Supervisory  Ratings 

The  most  common  approach  to  assessing  the  productivity  of  military  personnel 


involves  t  ho  use  of  supervisory  rulings  of  productivity  rather  than  direct  measure¬ 
ment  of  productivity.  Although  this  approach  has  the  disadvantage  of  providing 
subjective  measures  of  productivity,  it  has  many  advantages,  especially  since  lower 
costs  of  collect  ion  allow  for  substantial  increases  in  sample  sizes  and  for  more  pre¬ 
cise  distinctions  between  military  occupations. 

Regardless  of  the  survey  technique  used  (mail  questionnaire,  interviews,  etc), 
the  inherent  subjectivity  of  supervisory  ratings  is  likely  to  he  aggravated  by  defini¬ 
tional  problems.  For  example,  the  definition  of  relevant  criteria  for  productivity, 
or  the  relevant  sample  population,  each  contributes  to  the  level  of  "noise"  or 
unexplained  variation  in  resulting  productivity  estimates.  This  is  not  to  say  that 
these  measures  are  not  useful,  but  simply  that  a  great  deal  of  care  must  be  taken 
in  designing  and  interpreting  specific  rating  schemes.  Furthermore,  the  fact  that 
productivity  estimates  derived  from  supervisory  rating  techniques  allow  for  many 
different  specific  methodologies  and  behavioral  assumptions  indicates  that  our 
ability  to  make  direct  and  precise  comparisons  of  derived  measures  across  data  sets 
will  be  very  limited.  Many  attempts  have  been  made,  however,  to  estimate  military 
productivity  through  the  use  of  various  rating  schemes.  Although  the  validity  of 
each  set  is  specific  to  the  particular  issue  at  hand  in  some  way,  examples  of  two 
approaches  are  discussed  below  in  some  detail 

Data  Set  far  the  Defense  Study  Group  on  Military  Compensation.  In  the  first 
example  of  data  derived  from  ratings  techniques,  supervisory  estimates  of  the  time 
required  for  trainees  to  achieve  journeyman  status  are  exhibited.  Relative  produc¬ 
tivity  is  inferred  from  the  averages  of  these  estimates  by  tracing  out  a  time  path 
of  productivity .  One  data  set  using  this  approach  was  derived  from  a  1,%,'f  question¬ 
naire  for  the  Defense  Study  Group  on  Military  Compensation  (I)S(IMO.  Unlisted 
supervisors  answered  questions  regarding  the  number  of  months  a  tier  completion 
of  training  required  for  the  average  specialist  to  become  fully  effective  at  the 
apprentice,  journeyman,  and  supervisor  skills  levels.  Their  responses  were  plotted 
with  skill  level  on  the  vertical  axis  and  time  in  months  on  the  horizontal  axis. 
Values  of  relative  productivity  for  year  of  service  were  interpolated  by  averaging 
over  the  year  in  question.  The  responses  were  tabulated  for  22  specialties,  ranging 
from  highly  technical  to  lowf  skill  occupations.  All  service  specialties  were  classified 
into  22  groups  on  the  basis  of  which  most  nearly  corresponded  to  the  skdl  require¬ 
ments  of  the  22  measurements  available.  These  assessments  were  made  on  the  basis 
of  the  occupational  specialty  manuals  of  each  service. 

Observed  responses  were  used  to  discriminate  between  22  broad  groupings:  no 
discrimination  on  the  basis  of  this  learning  curve  measure  was  made  within  these 
groups.  This  treatment  makes  the  learning  curve  a  very  blunt  instrument  for  the 
separation  of  specialties,  but  at  least  allows  for  some  occupational  discrimination 
of  productivity. 

Clearly  the  broad  scope  of  this  particular  data  set  introduces  a  series  of  validity 
considerations  that  transcend  the  basic  problem  of  subjectivity  bias  in  supervisory 
ratings.  First,  the  measures  reflected  in  the  19b.'l  DSGMC survey  represent  a  super¬ 
visor’s  estimates  of  the  learning  curve  of  the  "typical  trainee.”  Previous  research 
has  indicated  that  productivity  estimates  for  the  "typical  trainee"  are  not  neces¬ 
sarily  equivalent  averages  over  all  trainees.  This  research  suggests  that  in  evaluat¬ 
ing  the  typical  trainee,  supervisors  tend  to  give  too  little  weight  to  outliers  in  the 
distribution,  especially  those  few  individuals  who  required  substantially  more  on- 
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the-job  training  than  the  average  to  attain  a  reasonable  level  of  proficiency  (Gay, 
1974).  Thus,  there  is  some  reason  to  be  concerned  that  this  particular  exercise 
might  provide  upward  biased  estimates  of  the  true  relative  productivity  of  the 
average  specialist. 

An  additional  concern  stems  from  the  broad  classification  of  first  term  person¬ 
nel  by  occupation.  A  surveyed  supervisor  was  asked  to  evaluate  the  "typical 
trainee"  in  one  of  the  22  broad  occupational  categories  he  felt  qualified  to  evaluate; 
in  many  cases  a  supervisor  rated  two  or  three  occupat ional  categories.  What  results 
are  not  only  extremely  broad  occupational  categories  hut  also  inadequately  con¬ 
trolled  cognizance  of  supervisors  for  rendering  a  useful  judgment  on  particular- 
occupation  types.  That  is  to  say,  there  was  no  mechanism  to  relate  the  supervisor's 
occupation  to  the  occupation  or  occupations  he  specifically  rated.  Thus,  for  exam¬ 
ple.  a  senior  enlisted  electronics  repair  specialist  may  have  provided  not  only  an 
estimate  of  the  learning  rate  of  the  typical  field  radio  repairman,  but  also  of  the  rate 
of  an  automotive  repairman  or  cook.  This  brings  into  question  the  validity  of  the 
estimates  in  terms  of  breadth  of  occupational  distinction  as  admitted  by  the 
DSGMO,  as  well  as  the  validity  of  the  productivity  estimates  themselves  within 
occupational  categories. 

Finally,  although  the  DSGMC  acknowledged  that  the  inherent  subjectivity  bias 
in  the  ratings  data  was  important,  it  made  no  attempt  to  systematically  control 
for  the  effect.  Related  research  has  demonstrated  that  unless  this  effect  is  con¬ 
trolled.  serious  errors  in  the  estimates  are  likely  (Cooper  and  Nelson,  197b).  The 
purpose  of  this  critique  is  not  to  denigrate  the  DSGMC  hut  to  suggest  the  problems 
likely  to  arise  from  productivity  data  derived  through  this  and  similar  techniques. 

Data  Set  for  ADSTAP.  Another  example  of  a  data  set  derived  from  ratings 
techniques  was  assembled  by  B-K  Dynamics  for  the  Navy  as  an  input  to  the  naval 
personnel  planning  model,  ADSTAP.  It  employs  rating  schemes  that  use  direct 
evaluations  of  productivity  rather  than  evaluations  inferred  from  estimates  of  the 
time  required  to  become  proficient  at  specific  job  tasks.  In  the  case  of  the  B-K 
Dynamics  •  197.1)  work,  supervisors  were  asked  to  rate  the  utility  to  the  Navy  of 
specific  enlisted  pay  grades  at  different  lengths  of  service. 

In  its  final  form  the  utility  data  set  consists  of  estimates  of  the  utility  of  the 
average  enlisted  man  in  each  pay  grade  over  thirty  years  of  service.  The  estimates 
were  derived  from  a  series  of  Delphi  questionnaires  administered  to  a  panel  of  75 
senior  enlisted  personnel  serving  in  the  Second  Fleet  of  the  Navy.  The  Delphi 
participants  were  asked  to  assess  the  initial  utility  to  the  Navy  of  the  Direct 
Procurement  Petty  Officer  at  pay  grades  E-2  through  E-9  as  proxy  measures  of  the 
value  of  the  average  enlisted  man  at  entrance  to  the  service.  Midpoints  on  the 
utility  curves  were  estimated  by  averaging  participants'  estimates  of  the  year  of 
service  when  an  enlisted  man  in  each  pay  grade  reaches  maximum  value  to  the 
Navy,  and  the  length  of  time  the  average  man  who  remains  in  each  pay  grade  for 
thirty  years  of  service  will  maintain  his  maximum  value.  Finally,  participants  were 
asked  to  assess  the  value  of  the  average  man  in  each  pay  grade  at  the  end  of  thirty 
years. 

Although  the  inherent  subjectivity  biases  of  the  respondents  were  controlled 
for  by  an  application  of  the  iterative  Delphi  methodology,  the  specific  form  of  the 
Delphi  experiment  raises  some  general  questions  of  validity.  The  first  involves 
defining  the  productivity  measure.  In  the  B-K  Dynamics  research,  the  concept 
selected  to  reflect  productivity  was  utility,  defined  as  a  measure  of  value  relating 
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to  the  general  good  of  the  Navy.  Such  an  ambiguous  definition  is  likely  to  generate 
a  great  deal  of  error  in  the  data  because  the  participant’s  ratings  may  apply  to  a 
wide  range  of  concepts,  only  a  few  of  which  may  relate  directly  to  the  concept 
intended  by  the  analysts. 

Another  problem  involves  determining  the  relevant  population  for  description. 
As  previously  noted,  the  concept  of  the  typical  or  average  trainee — even  when 
perfectly  related  to  a  subpopulation,  say,  individuals  with  four  years  of  experience 
—is  likely  to  generate  biased  estimates  due  to  the  behavioral  tendency  to  underesti¬ 
mate  outlying  marginal  performers.  In  the  B-K  Dynamics  work,  however,  the 
relevant  population  is  based  on  pay  grade  subcategorized  by  length  of  service.  The 
concept  of,  say,  an  average  E-3  with  thirty  years  of  experience  is  difficult  to  inter¬ 
pret  Does  "average”  in  this  case  refer  to  the  hypothetical  average  E-3  evaluated 
at  the  thirty  year  point,  or  the  average  E-3  who  in  fact  does  remain  an  E-3  for  thirty 
years?  Such  ambiguity  adds  confusion  to  the  resulting  estimates. 

In  general,  attempts  to  estimate  military  productivity  by  using  rating  tech¬ 
niques  that  employ  direct  estimation  complicate  the  inherent  problem  of  reliability 
and  validity.  Subjective  bias  in  the  data  is  caused  by  problems  of  definition  and 
comprehension  of  the  measure  elicited. 

Conclusions.  To  summarize,  subjective  measures  of  productivity,  although 
advantageous  in  terms  of  cost  and  sample  size,  are  also  extremely  difficult  to  deal 
with  analytically.  Inherent  bias  is  associated  with  the  subjective  nature  of  the 
measures,  proper  classification  of  occupations,  definitions  of  the  relevant  popula¬ 
tion.  and  definition  and  comprehension  of  the  measures  elicited.  All  of  this  is  not 
to  say’  that  such  measures  are  useless,  but  rather  that  they  create  additional  bur¬ 
dens  of  uncertainty  and  must  be  carefully  designed  and  interpreted. 

A  data  set  selected  for  the  current  analysis  is  described  in  Section  IV,  including 
its  design  and  administration,  the  characteristics  of  the  assembled  data  set.  esti 
mates  of  its  limitations,  and  finally  an  assessment  of  its  utility  for  an  analysis  of 
military  effectiveness  as  outlined  in  Section  II 
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IV.  THE  ENLISTED  UTILIZATION  SURVEY  (EUS) 

DATA  BASE  1 


A  large  and.  in  many  respects,  unique  data  base  was  recently  asembled  at  The 
Rand  Corporation  to  analyze  how  different  amounts  of  first  term  specialty  training 
affect  net  training  costs.  This  section  describes  the  Enlisted  Utilization  Survey 
‘.EL’S)  data  set  collected  between  January  and  February  1975  under  contract  funds 
provided  by  the  Defense  Advanced  Research  Projects  Agency.  The  specific  research 
for  which  these  data  were  generated  concerned  the  optimal  mix  of  formal  school 
training  and  on-the-job  training  for  a  variety  of  miliary  occupational  specialties, 
with  emphasis  on  an  assessement  of  the  efficient  amount  of  technical  training  for 
specific  specialties.  The  specific  approach  adopted  involved  estimating  the  costs  of 
formal  training  (faculty  and  student  salaries,  supplies,  etc.)  and  its  benefits  (i.e., 
improvement  in  a  trainee’s  on-the-job  performance)  to  determine  how  training 
variations  affected  net  training  costs.  This  was  the  primary  consideration  in  the 
design  and  administration  of  the  Enlisted  Utilization  Survey. 

The  actual  data  collection  design  involved  four  major  steps. 

1.  Selecting  a  set  of  specialties  to  be  included  in  the  study. 

2.  Identifying  individuals  serving  in  one  of  the  selected  specialties  who  ap¬ 
peared  to  be  in  their  first  term  of  service  and  serving  at  their  first  duty 
station.  Service  personnel  files  were  used  for  this  purpose. 

3.  Sending  these  individuals  a  mail  survey  designed  with  three  basic  objec¬ 
tives:  identification  of  the  trainee’s  primary  supervisors;  verification  of  his 
suitability  for  inclusion  in  the  study;  and  collection  of  background  infor¬ 
mation  not  included  in  the  service  record. 

Identification  of  the  individual’s  supervisors  was  the  key  element  of  the  initial 
survey  A  mailing  list  was  made  up  and  survey  forms  constructed  to  survey  super¬ 
visors  for  ratings  of  the  trainees.  The  mailing  list  for  each  military  unit  with 
responding  trainees  contained  (1)  the  name  of  each  supervisor  who  was  identified 
by  a  responding  trainee  and  (2)  the  names  of  all  trainees  who  identified  that  individ¬ 
ual  as  one  of  their  supervisors.  A  copy  of  the  supervisor  survey  form  was  then 
compiled  for  each  supervisor  named  and  a  rating  sheet  included  for  each  individual 
who  had  named  the  supervisor.  Thus,  the  supervisor  survey  instrument’s  length 
varied  depending  on  the  number  of  trainees  under  his  supervision. 

The  specific  supervisor  survey  form  contained  three  parts:  (1)  questions  about 
the  general  conduct  of  on-the-job  training  in  the  unit  and  an  explanation  of  the 
productivity  concept  used  in  the  survey;  (2)  a  set  of  questions  about  the  utilization, 
performance,  and  attitudes  of  the  specific  trainees  who  had  named  the  supervisor; 
(3)  a  section  in  which  the  supervisor  was  asked  to  rate  a  "typical  trainee"  at  various 
points  of  a  first  term  of  service. 

These  are  the  basic  mechanics  of  the  Enlisted  Utilization  Survey.  The  char¬ 
acteristics  of  the  trainee  and  supervisory  surveys,  and  the  specific  form  of  the 
productivity  measure  used  in  this  research,  are  described  further  below.  The  dis- 

1  Sec  Appendix  A  for  a  further  description  of  the  Kt'S 


cussion  applies  to  samples  from  the  Army,  Navy,  and  Air  Force  included  in  the 
survey,  hut  for  purposes  ofthe  actual  productivity  analysis  we  restrict  our  consider¬ 
ation  of  the  data  base  to  the  set  of  Air  Force  occupational  specialties. 

TRAINEE  SURVEY 

The  initial  survey  ofthe  EL'S  was  designed  primarily  to  identify  supervisors 
of  those  individuals  who,  from  data  in  the  service  personnel  files,  were  shown  to 
be  first  term  personnel  serving  at  their  first  duty  station.  Two  secondary  purposes 
ofthe  survey  were  to  verify  the  respondent's  suitability  for  inclusion  in  the  sample 
by  virtue  of  military  occupation  and  service  status  and  to  obtain  certain  back¬ 
ground  and  attitudinal  information  on  the  individuals  that  was  not  available  from 
the  service  personnel  files.  This  section  briefly  describes  the  survey  instrument  that 
was  developed  to  accomplish  these  objectives,  the  process  by  which  individuals 
were  selected  for  inclusion  in  the  sample,  response  rates  to  the  survey,  and  mea¬ 
sures  of  representativeness  ofthe  obtained  sample. 

The  trainee  questionnaire  form  was  developed  between  January  and  October 

1974 

Sample  of  Individuals 

The  overriding  consideration  in  selecting  individuals  for  inclusion  in  the  initial 
sample  was  that  they  be  in  the  first  term  of  service  and  that  they  be  serving  at  t  heir 
first  duty  station  The  determination  of  which  individuals  were  serving  at  their  first 
duty  station  was  made  by  an  analysis  ofthe  service  personnel  files.  In  general,  all 
individuals  in  a  specialty  selected  for  inclusion  in  the  study  who  appeared  to  be  in 
a  first  term  of  service  and  serving  at  their  first  duty  station  were  surveyed. 

In  a  few  large  specialties  where  there  were  1000  or  more  such  individuals,  a 
clustered  random  sample  was  drawn,  with  the  clusters  based  on  unit  of  assignment. 
Cluster  sampling  was  done  to  improve  the  quality  ofthe  estimates  of  productivity 
being  collected  As  previously  noted,  one  factor  affecting  the  estimation  of  a  given 
individual's  productivity  is  the  way  the  person  doing  the  rating  tends  to  rate 
individuals  in  general.  Methods  of  controlling  for  this  potential  bias  include  multi¬ 
ple  ratings  made  for  specific  individuals  or  multiple  ratings  made  by  a  single 
supervisor  In  either  case  cluster  sampling  by  concentrating  within  units  w  ill  ren¬ 
der  more  applicable  approaches  to  control  for  this  kind  of  bias. 

Survey  Administration 

The  survey  of  trainees  was  conducted  from  November  1974  through  January 

1975  AH  mailings  were  made  to  trainees  at  the  duty  address  shown  on  the  person¬ 
nel  files,  and  because  ofthe  sequential  nature  ofthe  total  survey  process,  only 
trainees  stationed  in  the  continental  United  States  were  included.  Persons  whose 
responses  had  already  been  received  were  not  included  in  the  subsequent  mailings. 

As  Table  3  shows,  over  30,000  trainees  were  surveyed.  The  overall  response 
rate  of  65.4  percent  is  quite  respectable  for  a  mail  survey.  These  response  rates 
were  computed  by  taking  responses  as  a  percentage  of  delivered  questionnaires 
(that  is,  subtracting  the  undeliverable  mail  from  the  initial  mailings  to  form  the 


23 


Table  3 


Trainee  Survey  Response 


Service 

Number  j 
Mailed 
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I'ndel  iverab  le 
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I’nde  1  iverab  1  e  ! 

Number 

Returned 

1 

j  Response 
Rate 

Army 

10,679 

1 , 329 

12.4 

5,142 

55.0 

Navv 

9,588  ; 

397 

6.2 

6,558 

72.9 

Air  Force  j 

11,927 

890 

7.8 

7,173 

68.1 

Tot  a  i 

U  ,689 

2,81b 

L _ 

18,87  1 

denominator).  The  rationale  for  estimating  response  rates  in  this  way  is,  of  course, 
that  individuals  who  do  not  receive  a  questionnaire  cannot  be  expected  to  respond. 

Representativeness  of  Respondents 

The  individuals  in  the  sample  to  be  analyzed  (i.e.,  those  responding  to  the 
questionnaire'  should  be  representative  of  all  first  term  personnel  in  the  specialties. 
Table  I  shows  the  relationship  between  members  of  the  initial  sample  and  survey 
respondents  on  several  important  personal  characteristics.  Each  entry  represents 
the  percentage  of  the  relevant  group  with  that  particular  characteristic.  For  exam¬ 
ple,  the  table  indicates  that  3.9  percent  of  all  Air  Force  personnel  originally  sur¬ 
veyed  were  in  mental  category  I  While  there  were  some  differences  between  the 
respondents  and  the  total  sample,  these  differences  are  generally  quite  sma  11.  Thus, 
while  respondents  and  nonrespondents  may  differ  on  attributes  for  which  .ve  have 
no  measures,  there  seems  to  he  little  basis  for  concern  about  the  nonrepresentative 
ness  of  respondents  based  on  the  measures  that  are  available. 


SUPERVISOR  SURVEY 

The  collection  of  productivity  estimates  from  supervisors  identified  in  the  sur¬ 
vey  of  the  trainees  was  the  most  important  single  aspect  of  the  El'S  data  collection 
efforts.  Because  subjective  estimates  of  military  productivity  are  extremely  sensi¬ 
tive  to  the  design  and  implementation  of  specific  survey  instruments,  it  is  worth¬ 
while  to  explore  the  supervisor  survey  in  some  detail. 

Instrument  Development 

The  supervisory  survey  form  was  developed  over  the  course  of  about  seven 
months  (January -July  1973)  through  a  series  of  visits  to  military  installations.  Field 
work  on  the  supervisor  survey  instrument  was  continued  until  there  was  a  high 
degree  of  correspondence  between  written  and  verbal  responses. 


Questionnaire  Format 

The  final  questionnaire  consisted  of  three  sections  The  first  contained  questions 
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dealing  with  the  way  on-the-job  training  was  conducted,  and  the  way  trained  per¬ 
sonnel  were  used  in  the  respondent’s  unit  The  second  section  had  two  parts:  (1)  a 
description  of  the  concept  of  productivity  elicited,  along  with  a  simple  test  of 
comprehension;  i2 >  a  set  of  questions  about  a  specific  individual  who  named  the 
respondent  as  one  of  his  supervisors.  The  total  length  of  the  questionnaire  depend¬ 
ed  on  the  number  of  trainees  who  said  that  they  were  supervised  by  the  respondent. 
The  third  section  dealt  with  the  productivity  of  the  typical  trainee,  both  technical 
school  graduates  and  direct  duty  assignees. 

Productivity  Measures 

Productivity  is  a  complex  phenomenon  that  can  be  measured  in  a  number  of 
ways.  The  guidelines  used  in  developing  productivity  measures  for  the  Enlisted 
Utilization  Survey,  and  the  ways  in  which  these  objectives  were  incorporated  into 
the  final  survey  instrument,  are  described  below. 

A  pilot  study  conducted  before  this  research  began  indicated  that  useful  mea¬ 
sures  of  productivity  could  be  developed  for  mail  administration  and  also  that 
through  refinements  and  modifications  more  accurate  estimates  were  possible.  In 
addition  to  being  capable  of  administration  by  mail,  the  measures  should  be  useful 
in  a  variety  of  t\  pes  of  specialties,  be  relatable  to  the  personal  characteristics  of  the 
individuals  ooserved.  and  measure  net  or  marginal  productivity  as  opposed  to 
direct  or  gross  productivity 

Tht  survey  instrument  was  to  be  administered  by  mail  so  that  a  large  number 
of  individuals  could  be  surveyed.  The  difficulty  of  measuring  productivity  and  the 
fact  that  little  measurement  has  been  done  in  the  military  context  meant  that  there 
were  sure  to  be  questions  regarding  the  validity  of  the  estimates  made  in  the  survey 
and  very  little  to  compare  the  estimates  with.  The  usefulness  of  the  data  could  be 
assessed  by  evaluating  the  pattern  of  results  in  a  wide  variety  of  circumstances. 

The  measures  developed  focus  on  the  first  four  years  of  military  service,  which 
usually  coincide  with  the  first  term  of  enlistment  for  most  enlisted  personnel. 
Unless  they  change  specialties,  individuals  with  four  years  of  service  have  essen¬ 
tially  achieved  journeyman  proficiency,  and  although  their  job  skills  can  be  expect¬ 
ed  to  improve  somewhat  with  further  experience,  they  will  not  be  learning  a 
substantial  number  of  new,  skill-related  tasks  after  that  point.  Thus  the  data  focus 
on  a  period  of  service  when  job  tasks  are  most  homogeneous  across  individuals  and 
when  most  individuals  are  almost  exclusively  involved  with  skill-related  job  tasks. 

The  need  for  an  estimating  method  that  is  useful  in  a  variety  of  occupations  is 
obvious.  Since  the  training  study  required  cross  service  comparisons,  an  instru¬ 
ment  that  could  not  be  used  in  one  or  more  occupations  would  have  imposed  severe 
limitations  on  the  scope  of  the  research.  If  separate  methods  of  estimating  produc¬ 
tivity  had  to  be  developed  for  each  set  of  job  tasks,  the  research  would  have  been 
limited  in  two  ways.  First,  the  added  costs  of  instrument  development  would  have 
limited  the  number  of  specialties  that  could  have  been  included,  and.  second,  the 
lack  of  cross  specialty  uniformity  would  have  eliminated  one  important  basis  for 
evaluating  the  usefulness  of  the  estimates. 

Relating  productivity  estimates  to  the  personal  characteristics  of  those  ob¬ 
served  is  important  because  the  characteristics  of  individuals  will  likely  have  an 
important  impact  on  performance.  The  ability  to  relate  personal  characteristics  to 
job  performance  in  many  varied  specialties  offers  real  potential  for  assessing  the 
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relationship  between  experience  and  productivity  and.  hence,  the  cost  effectiveness 
of  particular  experience  mixes. 

Finally,  a  major  consideration  in  developing  measures  of  productivity  was  that 
they  measure  net  rather  than  gross  productivity,  dross  productivity  measures  an 
individual's  duvet  output  while  net  productivity  measures  the  change  in  total 
output  asssociated  with  an  individual's  presence  Fora  trained  individual  the  two 
are  virtually  the  same,  but  that  is  not  true  of  an  individual  early  in  a  service  career. 
Such  an  individual’s  gross  productivity  is  generally  substantially  greater  than  his 
net  productivity  During  on-the-job  training  more  resources  than  would  be  required 
for  a  trained  individual  tend  to  be  devoted  to  direct  supervision  and  instruction  for 
the  trainee.  Since  these  resources  could,  in  t  he  absence  of  the  trainee,  be  devoted 
to  current  production,  unit  output  suffers  from  their  use  in  the  OJT  process.  Net 
productivity,  by  focusing  on  unit  output,  is  designed  to  allow  for  both  the  trainee's 
direct  contribution  to  unit  effectiveness  and  his  indirect  reduction  of  effectiveness. 
I'sing  measures  of  gross  productivity  to  appraise  the  value  to  the  military  of 
various  experience  categories  would,  through  inflated  estimates  of  early  on-the-job 
performance,  result  in  upward  biased  estimates  on  the  initial  value  of  military 
personnel,  which  in  turn  would  lead  to  overestimates  of  the  cost  effectiveness  of 
i nex  pe ri e ncet I  pe rson nel . 

Many  survey  instruments  were  tested  during  the  instrument  development 
phase  of  the  research,  and  in  each  case  an  effort  was  made  to  ensure  that  they 
satisfied  the  criteria  just  described.  In  addition,  the  instrument  development  profit¬ 
ed  from  an  earlier  pilot  study  which  indicated  that  useful  measures  of  net  produc¬ 
tivity  could  be  obtained  through  a  mail  survey  of  enlisted  supervisors. 

Figure  1  shows  the  rating  scale  that  formed  the  basis  of  the  research  approach 
for  productivity  estimation.  This  set  of  questions  was  asked  about  each  trainee  who 
had  responded  to  the  trainee  survey.  Four  points  in  the  individual's  first  term  of 
service  were  chosen — his  first  month  on  the  job,  the  time  at  which  the  rating  was 
completed,  one  year  from  that  time,  and  after  four  years  of  service.2  At  one  month 
of  service  the  individual’s  net  productivity  was  assumed  to  be  lowest,  his  direct 
productivity  at  a  minimum,  and  the  amount  of  time  required  from  those  who 
worked  with  him  at  a  maximum.  To  construct  a  complete  profile,  this  point  would 
have  to  be  estimated  directly  or  indirectly;  direct  estimation  should  be  more  reli¬ 
able.  Similarly,  four  years  of  service  was  included  as  the  upper  limit  on  first  term 
productivity.  The  time  of  the  rating  was  used  because  it  is  the  single  point  for  which 
the  best  estimate  is  possible  and.  in  fact,  it  is  this  data  point  that  was  selected  for 
analysis  of  productivity  in  the  current  context  of  first  term  career  substitutions. 
More  will  be  said  about  this  later  in  t  he  discussion  of  our  use  of  this  data  set. 

The  standard  of  reference  for  these  ratings  is  the  "average  specialist  with  four 
years  of  experience."  By  almost  any  definition  this  would  be  a  journeyman  special¬ 
ist  who  requires  no  more  than  routine  supervision.  This  rating  system  provides  a 
common  frame  of  reference  that  can  be  used  in  any  specialty. 

Supervisors  were  asked  to  estimate  net  productivity  by  the  individual’s  direct 
contribution  to  unit  production  minus  the  foregone  productivity  of  persons  who 
directly  supervise  and  instruct  him  This  measure  captures  the  most  important 
difference  between  gross  and  net  productivity — the  foregone  productivity  of  super- 

’  By  mwiociiiting  the  return  date  of  the  questionnaire  with  the  data  from  the  individual's  personnel 
tile  showing  the  date  he  joined  the  unit,  a  length  of  experience  associated  with  the  two  intermediate 
points  was  established 
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visors — but  it  does  ignore  some  other,  less  important  differences.  Specifically,  it 
does  not  include  resources  devoted  to  additional  record  keeping  that  may  be  done 
for  new  trainees,  correspondence  or  special  field-conducted  training  courses,  etc. 
But  data  collection  field  work,  and  previous  empirical  work  have  .shown  that 
these  an*  small  costs  relative  to  the  costs  for  the  additional  supervision  trainees 
receive.  The  scale  ranges  from  100  percent  to  +150  percent,  where  the  former 
means  that  the  individual  requires  so  much  supervision  that  having  him  with  the 
unit  is  equivalent  to  the  loss  of  a  specialist  with  four  yours  of  experience  and  the 
latter  that  he  is  50  percent  more  productive  than  the  typical  four-year  specialist. 
While  the  range  does  not  necessarily  encompass  all  the  possible  actual  values  of 
productivity  found  among  members  of  the  sample,  it  seems  safe  to  assume  that 
values  outside  the  range  occur  quite  infrequently. 

Another  productivity  estimate  included  in  the  study  relates  to  rating  the  per¬ 
formance  of  "typical  trainees."  These  ratings  provide  a  way  of  estimating  the 
average  performance  of  individuals  in  a  given  specialty  and  of  controlling  for 
differences  among  supervisors  in  terms  of  their  system  of  rating  productivity.  How 
a  supervisor  rates  the  typical  individual  says  something  not  only  about  the  perfor¬ 
mance  of  persons  in  that  specialty,  hut  also  about  the  way  that  particular  super¬ 
visor  rates  persons  in  general.  That  is,  a  supervisor  who  rates  the  typical  trainee 
lower  than  other  supervisors  in  his  specialty  rate  him  can  be  expected  to  rate 
specific  individuals  more  harshly  than  other  supervisors.  This  information  can  be 
used  to  eliminate  some  of  the  bias  associated  with  a  supervisor's  system  of  rating. 

The  productivity  measures  included  for  the  typical  trainees  were  similar  to 
those  for  specific  individuals,  and  the  same  rating  scale  was  used.  The  four  basic- 
points  in  time,  however,  were  one  month,  one  year,  two  years,  and  four  years. 

Survey  Administration 

The  Initial  mailing  of  the  supervisor  survey,  to  a  list  created  from  responses 
to  the  trainee  survey,  was  made  in  early  February  1975.  Table  5  contains  informa¬ 
tion  about  the  survey  response  by  questionnaire  and  rating. 

The  total  number  of  supervisor  forms  mailed  was  almost  as  large  as  the  number 
of  trainees  surveyed  because  each  trainee  was  asked  to  identify  three  supervisors, 
and  on  average,  they  identified  about  2.5.  Many  supervisors  were  identified  by- 
more  than  one  trainee  ton  average  supervisors  were  named  by  1.5  trainees),  and 
the  net  result  was  that  almost  90.000  unique  supervisors  were  identified.  As  with 
the  trainee  survey,  the  response  rate  among  those  presumed  to  have  received  the 
survey  instrument  was  high,  more  than  70  percent  overall  and  in  the  Air  Force 
slightly  less. 

The  percentage  of  mail  returned  as  undeliverable  was  about  twice  as  high  as 
for  the  trainee  survey  for  two  reasons.  First  the  addresses  used  in  the  supervisor 
forms  were  based  on  trainees’  identifications.  Misspellings  of  names  or  incorrect 
designations  of  rank  probably  caused  some  mail  to  be  undeliverable.  Second,  the 
supervisors'  addresses  were  less  current  than  the  trainees'.  Although  the  personnel 
tapes  from  which  the  trainee  mailing  addresses  were  taken  had  been  updated  two 
to  four  weeks  before  the  first  mailing,  almost  three  months  elapsed  between  the 
time  the  first  trainee  surveys  were  received  and  the  first  supervisor  surveys  were 
mailed.  Transfers  of  personnel  during  this  period  also  contributed  to  the  higher 
rate  of  undeliverable  mail. 
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The  average  number  of  trainees  included  in  the  undeliverahle  mail  (Table  5, 
Col.  91  was  uniformly  lower  than  the  average  number  in  the  initial  supervisor 
mailing  (Col.  7).  Since  one  can  reasonably  assume  that  the  number  of  trainees 
supervised  is  at  least  partially  dependent  on  rank,  one  can  assume  t  hat  more  junior 
than  senior  addresses  were  not  located.  However,  the  average  number  of  ratings 
per  returned  questionnaire  (Col.  11)  was  very  similar  to  the  average  number  of 
ratings  per  questionnaire  mailed. :l 

A  number  of  important  limitations  of  the  productivity  data  should  be  consid¬ 
ered.  First,  the  concept  of  net  or  marginal  productivity  is  fairly  sophisticated.  It  is 
not  one  that  enlisted  supervisors  are  likely  to  have  been  familiar  with  prior  to  the 
administration  of  the  survex  This  raises  the  possibility  that  some  survey  responses 
w  ill  be  invalid  because  supervisors  did  not  understand  what  they  were  being  asked 
to  do.  Recognizing  this  possibility,  a  simple  test  of  comprehension  was  included  in 
the  survey  instrument  (see  Appendix  Bl.  Clearly,  some  responses  cannot  he  used 
because  the  rater  did  not  understand  the  concept  of  net  productivity .  but  a  prelimi¬ 
nary  analysis  of  the  data  does  not  indicate  that  this  was  a  serious  problem. 

Another  important  limitation  of  the  productivity  data  is  the  difference  among 
raters  in  their  rating  systems — some  tend  to  rate  easy  and  others  hard:  some  tend 
to  see  people  as  very  similar  and  some  as  very  different.  This  has  the  potential  for 
producing  substantial  noise  in  the  data,  and  the  pilot  study  indicated  that  it  was 
indeed  a  serious  consideration.  For  this  reason  supervisors’ estimates  oft  lie  produc¬ 
tivity  of  the  "typical  trainee"  were  included  in  the  survey  as  a  basis  for  controlling 
for  this  kind  of  bias.  The  specific  manner  of  control,  however,  is  extremely  impor¬ 
tant  for  a  detailed  analysis  of  productivity  based  on  this  data  set. 

Finally,  the  data  set  consists  of  estimates  of  the  productivity  of  first  term 
personnel  made  relative  to  the  fully  qualified  specialist  in  that  occupation.  Thus, 
the  data  set  includes  actual  productivity  data  for  first  term  personnel  only.  For  the 
purposes  of  this  analysis  we  have  assumed  long  term  enlisted  productivity  to 
remain  constant  a  tier  a  first  term  of  service.  This  assumption  is  not  unprecedented 
in  analysis  of  the  enlisted  mix  issue,  but  is  sufficiently  important  to  discuss  in  some 
detail. 

With  respect  to  the  likely  bias  introduced  into  the  analysis  by  making  this 
assumption,  the  evidence  is  ambiguous.  On  one  hand  it  is  reasonable  to  assume  that 
an  individual's  contribution  to  unit  effectiveness  will  tend  to  increase  beyond  the 
first  four  years  of  service.  On  (lit'  other  hand,  however,  it  is  also  likely  that  during 
a  20-  or  30-year  career  there  will  be  periods  in  some  cases  quite  long  periods 
when  productivity  will  likely  decline.  These  periods  might  be  associated  with  1VS 
moves  and  job  changes,  overseas  rotation,  or  simple  job  boredom.  On  net.  how¬ 
ever  it  seems  reasonable  to  assume  that  productvity  will  tend  to  increase  beyond 
a  first  term  of  service.  The  extent  of  this  increase  and  hence  the  average  value  of 
career  personnel  are  uncertain,  but  they  are  clearly  understated  by  invoking  the 
assumption  of  constant  productivity.  Nevertheless,  to  the  extent  that  bias  is  intro¬ 
duced  into  the  analysis  by  assuming  long  term  productivity  to  remain  constant, 
this  bias  works  in  the  direction  of  understating  career  productivity  and  hence  in 
overstating  the  cost  effectiveness  of  first  term  personnel. 

The  productivity  estimates  derived  from  the  Enlisted  Utilization  Survey  are 
made  for  first  term  personnel  alone,  and  they  are  indirect,  subjective  estimates  of 

3  All  ofthe  numbers  shown  here  are  run  returns  prior  to  ilntn  denning 
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productivity  rather  than  direct  measures  of  production.  These  limitations  should 
be  kept  in  mind  in  the  interpretation  of  the  analytic  results. 


INTEGRATED  DATA  BASE 

As  previously  mentioned,  to  he  useful  for  specifying  the  productivity  require¬ 
ments  of  the  general  model,  a  data  set  needs  to  (1)  reflect  marginal  productivity, 

(2)  be  related  to  specific  individuals  whose  personal  characteristics  are  known,  and 

(3)  be  related  to  the  unit  composition  of  the  specific  work  units  from  which  the 
sample  is  drawn.  We  have  shown  that  the  EUS  satisfied  the  first  two  of  these 
requirements  and  have  suggested  its  potential  with  respect  to  the  third.  In  this 
subsection  the  organization  of  the  integrated  data  base — which  includes  both  pro¬ 
ductivity  estimates  from  the  EUS  and  unit  characteristics  drawn  from  the  service 
personnel  files — will  be  discussed,  as  well  as  some  general  characteristics  to  the 
data  set  with  respect  to  unit  composition. 

The  unit  characteristic  data  were  integrated  with  actual  productivity  estimates 
from  the  EL’S  by  accessing  the  service  personnel  files  and  matching  each  specialty 
code  and  unit  identifier  on  the  trainee  files  with  the  specialty  codesand  unit  identifi¬ 
er  of  all  enlisted  personnel  included  in  the  personnel  files.  All  personnel  records  that 
matched  unit  and  specialty  codes  with  the  codes  on  the  trainee  sample  were  then 
extracted  from  the  full  personnel  file.  This  extract  was  surveyed  by  specialty  and 
unit  code  to  categorize  enlisted  personnel  by  length  of  service  and  mental  category. 
Thus,  for  each  specialty  unit  combination,  a  string  of  categorized  data  was  com¬ 
piled  which  summarized  unit  composition  in  terms  of  length  of  service  and  mental 
category.  Since  this  procedure  required  access  to  the  entire  service  personnel  file 
and  since  the  only  service  personnel  file  made  available  in  entirety  for  the  training 
study  was  the  Air  Force  personnel  file,  the  integrated  data  set  and  hence  this 
analysis  of  the  EUS  data  set  are  limited  to  the  Air  Force  sample.  The  analysis 
could  he  expanded  to  include  the  Army  and  Navy  sample  of  the  EUS  data  base 
with  additional  data. 

In  its  final  form  each  observation  assembled  in  the  data  base  consists  of  a 
supervisory  rating  of  a  specific  individual,  the  personal  characteristics  of  the  indi¬ 
vidual  observed,  the  supervisor’s  rating  of  the  "typical  trainee,”  and  categorized 
data  regarding  the  specific  composition  of  the  work  unit  from  which  the  observa¬ 
tion  was  drawn.  At  this  point  it  will  be  useful  to  examine  some  general  character¬ 
istics  of  the  sample  in  terms  of  unit  composition,  both  to  determine  the  feasibility 
of  the  analytic  approach  and  to  suggest  the  potential  for  implementing  changes  in 
the  experience  mix  at  the  unit  level. 

Sample  Characteristics 

The  overall  analytic  approach  and  methodology  adopted  for  this  analysis  were 
based,  at  least  in  part,  on  the  assumption  that  variations  in  unit  composition  within 
a  specialty  existed  and  that  these  variations  would  provide  a  basis  for  determining 
the  relationship  between  marginal  rates  of  substitution  and  the  experience  mix. 
Thus,  the  first  important  consideration  with  respect  to  the  general  character  of  the 
data  set  regards  the  existence  of  variations  in  the  experience  mix  across  units  for 
specific  occupations.  From  a  purely  technical  point  of  view,  the  absence  of  variation 
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in  experience  mixes  across  sampled  units  would  make  it  impossible  to  estimate  the 
proposed  productivity  model.  More  generally,  since  a  lack  of  variation  in  the  unit 
composition  might  derive  either  from  sampling  errors  or  a  real  lack  of  variation 
in  the  entire  population  of  units,  it  would  be  impossible  to  discriminate  between  the 
hypothesis  that  the  potential  for  substitution  exists  but  is  not  reflected  in  the 
sample,  and  the  hypothesis  that  substitution  is  in  fact  impossible.  In  any  respect, 
a  lack  of  variation  in  unit  composition  in  the  sample  would  provide  a  rather  strong 
argument  for  the  infeasibility  of  such  substitutions  in  reproducting  reality,  regard¬ 
less  of  the  technical  possibilities  stemming  from  organizational  constraints  at  the 
base  level. 

Tables  ti  and  7  display  two  examples  of  the  distribution  of  first  term  career 
ratios  by  units  included  in  the  sample:  the  cryptographic  repair  specialty  (.'106X0) 
and  the  aerospace  ground  equipment  repair  specialty  (421X0).  The  tables  show  the 
frequency  of  occurrence  of  units  having  first  term/career  ratios  between  0  and  5 
to  1  in  increments  of  0.1.  In  both  cases  there  is  a  great  deal  of  variation  in  unit 
composition  and  the  distributions  have  a  generally  normal  shape.  In  the  case  of  the 
cryptographic  repair  occupation,  the  mean  of  the  distribution  is  1.42  to  1  first 
termers  to  careerists  per  unit.  For  t  he  aerospace  ground  equipment  repair  specialty 
the  mean  ratio  is  2.30  to  1.  This  is  consistent  with  what  we  would  have  expected 
a  priori.  Since  the  cryptographic  repair  occupation  is  more  technical,  we  would 
expect  to  find  more  technically  demanding  occupations  associated  with  lower  first 
term  career  ratios  in  terms  of  unit  composition. 

Distributions  constructed  for  each  of  the  sampled  occupations  exhibit  similar 
patterns  of  variations  in  unit  first  term  career  ratios,  indicating  that  there  is  suffi¬ 
cient  variation  in  the  data  to  provide  estimates  of  the  productivity  relationships 
entailed  in  the  general  productivity  model.  Furthermore,  the  existence  of  substan¬ 
tial  variation  in  the  first  term  career  ratio  in  the  sample  indicates  that  substitution 
potentials  do  exist  in  these  occupations. 

Another  important  element  of  the  unit  data  is  the  average  size  of  the  units 
observed,  which  provides  an  additional  check  that  the  units  represented  in  the 
sample  accurately  reflect  the  units  in  the  population.  Although  this  factor  is  difficult 
to  assess  with  any  real  precision  because  it  is  not  easy  to  rigorously  determine  what 
the  typical  unit  size  for  an  occupation  is.  some  broad  generalizations  can  be  made. 
Some  notions  of  the  typical  unit  size  for  each  of  the  sampled  occupations  were 
obtained  from  field  work  associated  with  the  selection  of  specialties  for  the  taining 
study  and  the  criterion  of  potential  sampk  size.  These  admittedly  non-rigorous 
estimates,  however,  match  fairly  well  with  the  general  characteristics  of  the  sample 
and  thus  suggest  that  the  sample  is  likely  to  be  fairly  representative  of  the  popula¬ 
tions  as  a  whole. 

Table  8  summarizes  the  unit  characteristic  data  by  occupation,  including  the 
size  of  the  sample,  the  average  unit  size  in  the  sample,  and  the  mean  first  term 
career  ratio  of  the  sample.  Although  a  number  of  factors  contribute  to  the  typical 
experience  mix  for  work  units  within  a  given  occupation  such  as  the  nature  of  the 
work,  the  degree  of  technical  difficulty  associated  with  the  work,  the  fineness  of 
classification  of  the  occupational  specialty,  etc. — the  sample  does  conform  to  our 
expectations  in  general  with  respect  to  the  criterion  of  technical  difficulty  and  first 
term  career  ratios,  namely  that  more  difficult  occupations  are  associated  with 
lower  first  term  career  ratios. 
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Table  7 

First  Tkrm  Career  Ratios  (Aerospace  Ground  Equipment 
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V.  DATA  ANALYSIS 


Our  objective  in  analyzing  the  productivity  measures  contained  in  the  Unlisted 
Utilization  Survey  data  base  is  to  specify  the  parameters  of  the  labor  aggregation 
functions  described  in  Section  1.  Auxiliary  to  this  fundamental  issue  are  questions 
concerning  the  proper  specification  of  the  aggregation  function  in  general,  the 
nature  of  the  estimated  productivity  relationships  with  respect  to  actual  substitu 
tion  potentials,  and,  finally,  questions  regarding  the  quality  of  the  data  set  and  the 
reliability  of  the  results. 

Specificalh ,  the  productivity  analysis  will  consider  ( 1  i  the  potential  for  substitu 
tion  between  first  term  and  career  personnel  and  (2)  substitution  between  various 
experience  categories  of  first  term  personnel.  Given  the  estimates  of  opportunities 
for  substitution,  one  can  ask  whether  or  not  the  nested  constant  elasticit>  of  substi¬ 
tution  aggregation  function  is  a  good  specification  of  the  aggregation  function 
between  first  term  and  career  labor.  Finally  questions  relating  to  the  quality  of 
the  data  set  and  hence  to  the  reliability  of  the  results  will  be  addressed. 

The  section  includes: 

•  A  review  of  the  basic  methodology  and  the  proposed  productivity  model 

•  The  specific  estimating  technique  and  results  of  the  first  term  aggregation 
analysis. 

•  The  estimating  technique  and  results  of  the  aggregated  first  term  career 
productivity  model. 

•  The  presentation  of  the  resultant  parameter  estimates  of  the  first  term 
career  labor  aggregation  functions. 

The  need  for  aggregate  measures  of  the  supply  of  labor  services  to  specific 
military  missions  arises  when  we  seek  to  determine  the  marginal  contribution  to 
military  effectiveness  of  a  variety  of  labor  categories  and  how  these  contribut  ions 
are  affected  by  changes  in  labor  quality  and  quantity.  This  requirement  derives 
from  the  basic  conditions  of  economic  efficiency  in  production  summarized  by 
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(IV) 


To  specify  the  relationship  between  the  contribution  of  various  labor  categories 
and  military  effectiveness,  we  can  postulate  aggregate  production  function  for  any 
military  mission: 


E  =  f|K.  Lf.  L  ) 


where  E 


output  (readiness  or  effectiveness)  of  a  particular 
military  mission, 

all  non-labor  inputs  to  the  specific  mission, 
the  first  term  labor  inputs  to  the  specific  mission, 
the  career  labor  inputs  to  the  specific  mission. 
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(18) 


Assuming  that  (18*  can  be  legitimately  rewritten  as 

E  F  [  K.  u(Lf.  I-,.)] .  (19) 

the  task  is  then  to  find  proper  specification  of 

L*  g(Lf,  Lc),  (20) 

where  1/  is  the  total  supply  of  labor  to  the  specific  mission. 

The  assumption  that  the  aggregation  function  in  (18)  is  separable  in  ( 19)  cannot 
he  tested  in  the  current  framework  owing  to  lack  of  data  on  capital  stocks  and  other 
non-labor  inputs  for  the  military  occupations  included  in  the  sample.  This  implies 
that  levels  of  non  labor  inputs  have  no  bearing  on  the  relative  marginal  productivi¬ 
ties  of  different  types  of  labor  inputs.  As  a  result,  we  have  excluded  the  possibility 
of  differences  in  the  degree  of  complementarity  between  non-labor  inputs  arid 
various  types  of  labor. 

The  standard  economic  assumption,  all  else  being  the  same,  does  not  strictly 
obtain  in  this  case  Capital  stock  per  worker  and  the  specific  composition  of  output 
are  likely  to  vary  greatly  among  specific  work  units  in  the  sample  for  specific 
occupations.  Furthermore,  the  data  refer  not  to  a  single  production  process  but  to 
service-wide  aggregates.  Thus,  estimates  of  the  marginal  rate  of  substitution  and 
elasticity  of  substitution  between  first  term  and  career  labor  are  not  strictly  iden¬ 
tified  parameters  of  some  underlying  technical  relationship  or  production  function. 
They  reflect  the  partial  elasticity  of  substitution  between  L,  and  I.,.,  the  degree  of 
complementarity  between  each  of  the  two  types  of  labor  and  the  excluded  factor s 
of  production,  and  the  composition  of  the  specific  demand  each  unit  faces.  We 
would,  of  course,  like  to  estimate  a  function  that  would  tell  us  the  effect  of  each  of 
the  influences  (taken  separately)  on  the  marginal  productivities  of  different  types 
of  labor,  but  we  simply  cannot. 

Given  these  limitations,  the  estimation  problem  is  one  of  specifying  changes  in 
relative  marginal  productivity  of  factors  as  the  composition  of  the  military  labor 
force  changes.  The  economic  concept  of  the  elasticity  of  substitution  between  first 
term  and  career  labor  is  a  measure  that  explicitly  reflects  this  relationship  and  is 
defined  as 


hence  incorporating  the  marginal  rate  of  substitution  Ml’t  MP  . 

We  would  expect  these  relationships  to  differ  by  occupation,  tn  terms  of  the 
experience  mix.  the  overall  military  labor  force  composition  has  not  changed  sub¬ 
stantially  over  time  Thus  the  best  available  estimates  are  elasticities  estimated  for 
specific  occupations  from  a  cross  section  of  work  units  substantially  different  in 
experience  mix. 

The  proposed  general  specification  of  the  labor  aggregation  function  defined  in 
(20)  is  the  constant  elasticity  of  substitution  function,  where  first  term  and  career 


labor  are  the  sole  inputs  to  the  function.  However,  since  experience  within  a  Riven 
occupation  is  a  continuous  variable,  the  disaggregation  of  military  labor  by  first 
term  and  career  personnel  is  as  much  an  analytic  convenience  as  it  is  an  accurate 
reflection  of  production  reality.  Thus,  conceptually,  there  are  an  infinite  number  of 
labor  categories  within  an  occupation  based  on  experience  alone.  The  question  then 
arises  as  to  the  proper  form  of  aggregation  of  the  two  key  labor  types.  As  previously 
mentioned,  for  purposes  of  this  analysis  we  have  adopted  a  nonweighted  linear 
aggregation  of  career  labor.  That  is,  we  have  assumed  that  the  value  of  all  career 
inputs  to  military  production  within  a  specific  occupation  are  equal.  Although 
uncertain,  the  implications  of  this  assumption  are  likely  to  systematically  under¬ 
state  the  value  of  career  labor  and  thus  to  overstate  the  cost  effectiveness  of  first 
term  inputs.  With  respect  to  first  term  labor,  however,  the  appropriate  form  of 
aggregation  is  extremely  important.  Since  changes  in  productivity  over  a  first  term 
of  service  are  likely  to  be  substantial  and  since  these  differences  are  compressed 
in  a  shorter  time  frame,  inappropriate  aggregation  methods  will  likely  generate 
substantial  errors  in  the  overall  estimation  process.1 

The  typical  approach  to  the  problem  of  aggregation  of  first  term  labor  has  been 
to  treat  it  as  a  single  composite  factor  with  the  component  first  term  subgroups 
being  weighted  by  their  respective  relative  productivities.2  This  treatment  implicit¬ 
ly  assumes  an  infinite  elasticity  of  substitution  between  different  categories  of  first 
term  labor.  It  is  natural  to  question  whether  or  not  this  is,  in  fact,  the  relevant  case 
and  to  hypothesize  that  the  more  general  constant  elasticity  of  substitution  func¬ 
tion  might  be  a  more  realistic  aggregation  of  first  term  labor.  Thus,  we  have 
proposed  a  nested  or  tiered  constant  elasticity  of  substitution  model  as  the  labor 
aggregation  function,  where  the  labor  index  of  specialty  output  is  a  CES  function 
in  first  term  and  career  labor,  and  the  first  term  input  to  a  model  is  itself  a  CES 
function  in  specific  first  term  experience  categories.  The  general  form  of  the  produc¬ 
tivity  model  to  be  estimated  for  each  Air  Force  occupation  included  in  the  assem¬ 
bled  data  base  is  of  tbe  form 
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where 

n 

I  (i .  =  a  1  +  a  =  1  , 

i=l 


'  For  additional  evidence  of  this  effect  see  sample  productivity  profiles  presented  in  Albrecht 
and  Gay  >  19771. 

1  This  is  the  case  in  each  of  the  previous  attempts  to  analytically  address  the  firs't  term  career  issue; 
Smith  (19ti4>:  Fisher  1 1970). 


KSTIMA  riMI  TECHNIQUE  AND  ANALYTIC  RESULTS: 

FIRST  TERM  AGGREGATION 

The  basic  analytic  problems  associated  with  the  aggregation  of  labor  types 
within  a  first  term  of  service  are  those  of  categorization  and  estimation.  Categoriza¬ 
tion  refers  to  the  problem  of  determining  feasible  and  reasonable  sets  of  experience 
categories  within  a  first  term.  Ifthe  classifications  are  too  coarse,  there  is  a  risk  that 
a  single  category  might  encompass  several  heterogeneous  groups  and  as  a  result 
would  not  have  strongly  identifiable  properties  of  its  own  On  the  other  hand,  the 
finer  the  classification,  the  more  difficult  it  would  be  to  find  plausible  groupings  of 
categories  with  the  first  term,  and  the  greater  would  be  the  problems  with  defi- 
ciences  in  the  data.  Estimation  concerns  the  problem  of  determining  elasticities  of 
substitution  between  various  first  term  experience  categories,  both  to  guide  in  the 
development  of  appropriate  experience  categories  and  to  provide  parameter  esti¬ 
mates  for  the  first  tier  of  the  nested  CES  function  once  specific  first  experience 
categories  have  been  determined. 

It  would  be  ideal  to  categorize  first  term  personnel  as  finely  as  possible  with 
respect  to  on-the-job  experience  and  then  to  use  elasticity  estimates  as  a  guide  for 
the  formulation  of’  consistent  aggregated  categories.  One  technique  that  would 
satisfy  these  ideal  conditions  would  be  to  derive  estimates  of  the  pairwise  elasticity 
of  substitution  between  different  pairs  of  experience  categories  within  a  first  term 
and  then  to  use  the  associated  t-statistics  of  these  estimates  as  the  aggregation 
rule/1  Specifically,  an  equation  of  the  form 

log  (MI’j/MPj)^  -  a  +  by  log  (I,j/Lj)k  +  uk>  k  =  1,  . .  .  n.  (24) 

where  k  subscripts  refer  to  specific  work  unit  observations,  could  be  used  to  esti¬ 
mate  the  elasticities  of  substitution  between  pairs  of  first  term  experience  catego¬ 
ries.  Naturally,  it  is  assumed  that  the  true  b,,  is  constant  within  each  specific  kth 
work  unit.  Since  the  elasticity  of  substitution  equals 

d  log  Lj/Lj)  1 

"ij  ~  (HofT ("MPj/MPjT  =  b~ '  (2°' 

t-ratios  computed  for  the  estimates  of  b,,  would  provide  a  means  for  determining 
homogeneous  categories  of  first  term  labor.  This  follows  from  the  null  hypothesis 
of  the  t-test.  namely  that  the  true  value  of  b„  is  zero.  Since  this  hypothesis  is 


‘  See  Bowles  (  1970)  and  Dougherty  (1971)  for  a  detailed  discussion  of  the  ideal  method. 
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For  purposes  of  this  analysis,  however,  feasibility  const raints  precluded  utilr/.a 
tion  of  this  technique  The  problems  associated  with  implementing  the  ideal  pair 
wise  estimating  technique  derive  both  from  the  size  ol  the  data  set  and  trom 
est  uuation  prohlems  associated  with  the  required  reorient  at  ion  of  t  he  data  set  trom 
a  trainee  based  data  set  to  a  unit  based  data  set 

From  (1M1  wo  find  that  the  unit  of  observation  for  the  pairwise  ust  mi.it  mp 
procedure  is  the  specific  work  unit,  subscript  k  Thus,  the  data  required  for  each 
observation  in  an  analysis  of  any  ij  first  term  pair  would  he  an  estimate  ot  the 
marpmal  rate  of  substitution  between  the  two  pairs  in  each  unit  and  the  actual 
input  ratio  of  the  two  catpories  in  each  work  unit  Disapprobation  ot  tirst  term 
inputs  In  month  of  service  would  at  least  entail  one  productivity  estimate  and  one 
member  ot' the  unit  servinp  in  each  of  18  different  experience  catopories  Since, 
however,  from  Table  8.  it  can  he  seen  that  many  occupations  in  the  sample  have 
an  aver.tpe  unit  size  less  than  18.  this  level  of  disapprepat ion  would  he  infeasible 
Furthermore,  since  the  data  set  rarely  includes  more  than  10  or  I'd  specific  produc 
tiviti  rat mps  per  work  unit,  the  choices amotip  experience  catopories  within  a  unit 
would  he  limited  and  ill  many  cases  would  he  inconsistent  across  units  The  specific 
composition  of  the  data  set  limits  our  ability  to  disapprepate  tirst  term  inputs  much 
beyond  rat  her  coarse  p  roupings  More  important,  however,  are  the  estimation 
problems  associated  with  construction  the  relevant  variables  required  for  estim.it 
inp  the  pairwise  elasticities  trom  variables  extant  on  the  data  set 

It  will  he  recalled  t hat  t he  basic  data  for  each  ohservat ion  is  t he  productivity 
ration  lor  a  specific  trainee,  all  other  data  such  as  unit  composition  variables  are 
auxiliary  to  that  unit  of  observation  Ihit  as  we  have  just  arpued.  the  relevant  data 
points  tor  t  he  est  i  mat  ion  of  pairwise  elast  it'll  les  are  specific  work  units  The  t  ransla 
tion  ol’ trainee  based  onservat ions  to  unit  based  observations  in  the  case  ol  ultra 
tirst  term  experience  analysis  is  an  extremely  cumbersome  task 

Kven  the  simplest  form  of  approbation,  however,  would  present  an  enormous 

'  This,  ol  Voui  s«\  is  not  st  i  nils  t  In*  ease4  since*  tin*  In  pot  hosts  tli.it  tin4  Into  \  .tit  to  ot  b,,  is  espial  to  .ei  o 
is  consist  out  w  it  It  both  tin*  In  pot  hosts  that  t  ho  elast  icit  \  is  infinite4  ami  t hat  t  ho  ol.ist  ml  \  is  .,■>  o  I'hoso 
hit  t  ot  two  hypothosos  o.mnot,  thorotoro.  In4  discriminated  tiom  e\nh  othot  on  I  ho  h.isis  ol  .1  statistical 
analysis  ol  h,  t  alono  I  low  evei .  otto  max  inter  t  ho  c»»i  n*ct  Inpothosisln  a  simple  analy  sis  of  tho  data 
\  praplucat  analysis  ot  tho  relationship  hotwoen  tho  two  eate4potn4s  ol  interest  anti  then  oslnnatotl 
mat  p,  ma  I  rates  ot  suhst  it  ut  ion  will  imlicat  e  bx  Us  shape  t  ho  1  elo\  ant  lix  pot  hosts  The  more  the  result  ant 
praph  approaches  a  tip.  hi  anplo.  the  more  like  lx  I  he  lixe*d  tact  mease  obtains,  and  X'leo  vei  sa  Iho  t  esults 
ol  mam  such  graphs  lot  tho  Kl  S  data  sot  indicate  t  hat  I  he  infinite  In  pot  hesis  is  t  he  cot  1  oet  In  pot  hesis. 
hence  we4  rotor  to  tho  V  test  o\\  h,  as  equivalent  to  a  tost  of  the  intitule  elast  icitx  h>  pot  hosts  I  am 
indebted  to  l>  t'hu  ot  1’he  Kami  ('orporation  fen  Mippesst  inp  this  method  of  verification  to  mo 

'  I'm  example,  lot  us  take  the  case  of  the  pairwise  compat  ison  ho(we«Mi  the  ith  and  |th  first  term 
oxpoi  lotice  ciitopories  To  ttatisfonn  the  data  from  trainee  to  unit  based  obser  vat  mils,  two  variables 
must  he  constructed  One  variable  would  consist  ol  tho  actual  input  ratio  ot  the  it h  to  |th  categories 
xv it hm  o.uh  unit  Since  tho  unit  comp  .*111011  data  on  the  assembled  data  base  consist  ot  a  xectoi  ot 
specific  counts  of  several  experience  categories  within  the  unit,  the  input  1.1I10  variable  could  he  tela 
t  n  elx  east  lx  const  1  in  ted  bx  appi  opal  mp  t  In*  counts  ovei  t  In4  relex  ant  suhcatepoi  les  and  takmp  the  ratio 
of  the  approbated  counts  of  the  it  h  and  it  It  proups  lloxvexei.  with  respeet  to  the  inarptnal  rate  ot 
substitution  x.triahh4.  tin4  computation  pnu-edure  would  he  much  more  complex  In  this  case4,  trainee’s 
sampled  trom  the  same4  xx ot  k  unit  would  need  to  he*  identified  t  hu  e  nlent died,  e*uch  trainee  would  have 
to  he  catepon/cd  into  eithei  tin4  ith  orjth  exp«*nence  proup  Kelative  pmductmtx  estimates  ot  eaeli 
oxp<  •  »ence  proup  would  then  have  to  he  appi  epated  horn  eaeli  »»t  tin4  iltilix  leitial  pieuhut  1  v  it  x  estimates 
to  provide4  all  estimate4  ot  the4  plOlip's  eetlllpeesite4  proehnl  I V  it  > 


computational  problem  given  the  large  number  off  rainees  per  occupation  ami  units 
included  in  the  sample  Iterating  this  proeeiiure  to  find  the  best  eategori/.at ion  of 
liitVerent  tirsl  term  inputs  even  anion*;  vers  coarse  groupings  would  clearly  be 
prohilntive  m  terms  of  tune  ami  cost  The  ideal  sort  of  approach  to  the  problems 
of  categorization  and  est  mint  ion  is  unobtainable  because  of  data  set  limitations  and 
data  management  problems  in  transforming  the  data  set  from  trainee-based  to 
unit  based  observations 

To  deal  with  the  categorization  problem,  an  alternative  method  to  identity 
appropriate  categories  of  first  term  labor  was  adopted  This  method  was  sufficient  Is 
broad  to  be  supported  by  the  data,  yet  provided  some  basis  for  confidence  in  the 
homogeneity  of  the  categories  a  priori.  Specifically ,  regression  analyses  score  con 
ducted  tor  each  occupat ion  to  identify  t  he  categories  of  first  term  experience  t  hat 
account  for  the  greatest  amount  of  variation  in  first  term  productivity  estimates 
The  procedure  involved  regressing  a  series  of  indicator  variables,  corresponding  to 
various  classifications  of' first  term  job  experience,  on  the  productivity  estimates 

Although  we  would  expect  that  these  regressions  would  yield  different  results 
and  hence  different  indications  of  appropriate  categorizations  for  each  occupation, 
three  points  in  a  first  term  seemed  to  provide  natural  breaks  over  all  the  observed 
occupations  around  six  months,  around  one  y  ear,  and  around  one  year  and  a  half. 
However,  the  specific  breakpoints  in  each  occupation  valu'd  about  the  six  month, 
one  year,  and  eighteen  month  point,  and  since  analytically  it  is  desirable  to  be 
parsimonious  with  respect  to  the  number  of  different  models  estimated,  three 
specific  categorizations  wore  selected  w  Inch  seemed  to  best  retied  the  productivity 
data  OS  and  0  i  IS  \t  months  of  experience  where  \  represents  the  numbers  of 
moot  hs  of  t  raining,  0  1 1  and  I'd  t  IS  \  Mi  ninths  of  experience,  and  0  II  and  15  I  IS  NT 
months  of  experience  As  one  would  expect,  the  experience  classification  tor  each 
occupation  is  related  to  the  relative  technical  skill  of  each  occupation  That  is,  more 
technically  demanding  occupations  are  associated  with  a  categorization  that  tends 
to  break  first  term  labor  at  more  advanced  experience  levels;  conversely,  lower  skill 
occupations  are  associated  wit  h  categorizations  t  hat  reflect  dist  inctions  of  first  term 
labor  much  earlier  ill  the  first  term  of' service.  That  these  categorizations  are 
reasonable  ones  for  each  occupation  is  borne  out  in  the  conduct  of  the  actual 
elasticity  analysis 

For  the  estimation  problem,  the  alternative  approach  adopted  retains  the  tlexi 
bility  and  precision  of  the  ideal  method  but  does  not  impose  the  substantial  data 
management  problems  in  orienting  the  data  set  tor  the  analysis  This  approach 
involves  a  two  stage  estimation  of  the  parameters  m  Kp  (2-1 utilizing  a  technique 
deriving  from  the  literature  of’ the  omitted  variable  case  and  demonstrated  by 
(Iriliches  1 1!>57) 

To  deal  with  the  computational  problems  posed  by  the  estimation  technique  of 
pairwise  elasticities  of  substitution  between  various  first  term  experience  catego¬ 
ries  reflected  in  Kq  t’d-U,  we  have  adopted  an  approach  that  allows  for  estimation 
of  the  parameters  in  Kq  fd-H  in  a  two  stage  process.  This  approach  retains  the 
desirable  characteristics  of  the  general  formulation,  but  avoids  the  substantial  data 
management  problems  associated  with  the  one-stage  procedure.  And,  it  will  be 
shown,  the  expected  value  of  the  est  iniates  of  b„  and,  hence  it,,,  are  identical  in  both 
cases 

Specifically,  by  taking  logs  of  both  sides  and  rearranging  terms,  we  can  rewrite 
Kq  l2-l)  as 
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a.  L. 

In  Ml’.  +  l>1  In  -p-  +  b9  In  Ml’.  +  u.  (2«) 

Jj  J  “  J 

ii  wo  then  trout  Ml’,  as  an  omitted  variable  in  Kq.  (24)  and  estimate  b,  by  ordinary 
least  squares,  we  find  that  the  true  b,  is  equal  to  the  observed  b,  |  pb2,  whore 
b2  is  the  coefficient  of  the  omitted  variable  Ml’,,  and  p  summarizes  the  covariation 
of  the  excluded  and  included  variables.  If  we  assume  that  h2  equals  1  from  Kq.  (24), 
then  p  equals  the  least  square's  coefficient  of  the  included  variable  on  the  excluded 
variable,  in  this  case  In  MI’,  on  L,  Lr 

Consider  the  general  multiple  regression  problem 

Y  XH  )  u,  (27) 

where  X’  is  a  column  vector  of  values  taken  by  the  dependent  variable.  X  isa  matrix 
of  values  ofall  independent  variables,  li  is  a  column  vector  of  parameters  we  want 
to  estimate,  and  u  is  a  column  vector  of  disturbances  with  zero  expectat  ion.  How¬ 
ever,  let  us  say  that  we  do  not  use  X,  but  X  in  estimating  procedure  where  X  is  a 
different  matrix  of  independent  variables;  for  example,  where  X  is  equal  to  X  except 
that  it  has  one  or  more  columns  less  than  X.  Thus,  instead  of  estimating  Kq.  (27), 
we  estimate 

Y  XB  |  u.  (28) 

Assume  that  we  estimate  B  by  the  method  of  least  squares.  Then  the  estimate  of 
B,  h,  will  be  given  by 

b  (X  X)  1  X  Y.  (29) 

Taking  the  expectation  of  b.  we  get 

K(bt  E(X'X)  'x'(XB-fu)  (X  X)  1  X  XB.  (30) 

Let  (X  X)  1  X  X  p,  then 

E(b)  pB.  (31) 

If  we  look  at  the  formula  for  p  it  can  be  seen  that  the  elements  of  p  are  the 
coefficients  in  the  regression  of  each  column  of  X  on  X;  that  is,  they  are  the  coeffi¬ 
cients  of  the  least  squares  regression  of  each  of  the  "true”  variables  X  on  all  of  the 
included  variables. 

If  we  exclude  variable  Xk  from  the  analysis,  the  expectation  of  the  estimates 
of  the  included  coefficients  is  given  by 


JTJ 

II 

+ 

7T 

7? 

(32) 

In  the  two-variable  case  this  is  simply 

K(bj)  =  bj  +  p12  h.,. 

(33) 

where  b*  is  the  coefficient  of  the  omitted  variable  in  (28)  (recall  we  assume  this  to 
equal  1  from  (24))  and  p,a  from  (31)  is  simply  the  coefficient  from  the  auxiliary 
regression  of  X  on  X. 

In  short,  the  procedure  is  to  regress  In  MI’,  on  L,  L,  to  estimate  h,  and  then 
to  regress  In  MP,  on  L,/L,  to  estimate  p  .  Thus  the  overall  estimate  of  b„  b,  ( 


Pi2  Tho  advantage  ofthe two-stage  approach  over  the  one-stage  estimator  is  that 
because  it  requires  only  one  estimate  of  marginal  productivity  per  observation,  t  he 
variables  required  for  two-stage  estimation  already  exist  on  the  data  tiles  as  cur¬ 
rently  organized.  A  critical  assumption  in  the  equality  of  the  one-  and  two-stage 
approaches  is  that  the  rows  of  X  and  X  are  the  same  in  each  case.8  Although  we 
will  discuss  the  validity  of  this  assumption  in  the  context  of  the  actual  estimation 
results,  it  is  worthwhile  to  mention  at  this  point  that  in  each  of  the  two-stage 
estimation  cases  the  rows  of  X  and  X  were  virtually  identical  for  each  occupation. 
Thus  tin1  expected  values  of  the  two  b,,’s  were  the  same. 

In  sum.  the  estimation  procedure  adopted  for  specification  ofthe  first  tier  of  the 
aggregation  function  given  by  (23)  involves  the  estimation  ofthe  first  term  elastici¬ 
ty  parameter  in  Iiq.  (21)  through  a  two-stage  process.  The  categorization  of  first 
term  aggregate  inputs  to  the  model  is  provided  by  an  auxiliary  analysis  of  the  re 
lationship  between  first  term  experience  and  productivity.  1'he  variables  required 
for  the  two  stage  estimation  of  (21)  for  each  occupation  included  in  the  sample 
are  estimates  of  the  marginal  relative  productivity  of  the  it h  and  jth  first  term 
categories  and  the  input  ratios  of  the  ith  and  jth  labor  types  in  each  operational 
unit  included  in  the  sample.  In  the  following  subsection  we  discuss  the  creation  of 
these  variables  and  the  data  set  preparation  for  the  estimation  procedure,  as  well 
as  the  results  id'  the  first  tier  analysis. 


PRODUCTIVITY  INPUTS  TO  THE  FIRST  TERM  MODEL 

The  preparation  ofthe  El’S  productivity  data  set  for  use  as  a  data  base  in 
estimating  the  parameters  in  Eq.  (2-1)  has  two  important  aspects:  the  editing  ofthe 
raw  data  with  respect  to  validity  and  reliability  checks,  and  the  control  for  subjec¬ 
tive  bias  in  the  supervisory  estimates. 

As  previously  mentioned,  the  specific  data  point  used  as  the  productivity  varia¬ 
ble  in  this  analysis  is  the  supervisor's  estimate  of  an  individual's  "current"  net 
contribution  to  unit  production.7  The  reasons  for  this  choice  are  detailed  in  Section 
11,  but  essentially  we  expected  that  this  estimate  would  he  the  most  accurate 
reflection  of  productivity  and  thus  would  minimize  reliance  on  I  he  supervisor's 
forecasts.  Specific  observations  of  current  productivity  were  included  in  the  analy¬ 
sis  sample  it'd)  the  supervisor  indicated  that  he  was  familiar  with  the  specific 
trainee's  work.  (2)  the  supervisor  making  the  rating  answered  the  test  question  of 
concept  comprehension  correctly.  (3)  the  supervisor  provided  estimates  for  all  time 
periods  for  both  the  specific  trainee  and  the  typical  trainee  (to  provide  a  check  on 
consistency),  (4)  the  supervisor's  estimate  ofthe  productivity  ofthe  typical  trainee 
was  less  than  100  percent  in  the  first  month  and  greater  than  zero  afler  four  years 
of  service  tan  additional  check  on  concept  comprehension),  and  (5)  the  first  term 
career  ratio  for  the  individual's  work  unit  was  within  two  standard  deviations  of 
the  mean  ratio  ofthe  occupation  (to  ensure  that  errors  in  data  accumulation  or  t  hat 
extremely  undermanned  or  overmanned  units  would  not  exert  undue  influence  on 

,l  I  nm  inilobtod  to  IVotossor  Robort  Solow  of  MIT  for  pointing  out  to  mo  tho  importance  of  this 
assumption  for  tho  econometric  analysis 

1  Recall  that  thedafa  haso  inoludos  ost  i  mat  os  of  rolativo  prothiclivil)  for  .several  points  in  .1  first  torm 
of  service* 
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the  results).  Editing  criteria  so  imposed  reduced  the  initial  sample  size  by  less  than 
10  percent  overall,  and  never  exceeded  15  percent  for  any  specific  occupation. 

The  productivity  estimates  in  the  edited  sample  were  then  adjusted  to  control 
tor  subjective  bias  by  a  procedure  using  the  supervisor's  estimate  of’the  productiv¬ 
ity  of  the  typical  trainee.  Basically,  the  technique  was  to  adjust  individual  produc¬ 
tivity  estimates  by  subtracting  residuals  from  auxiliary  regressions  on  the  super¬ 
visor's  estimates  of  the  typical  trainee's  productivity.  These  regressions  served  to 
remove  the  systematic  bias  inherent  in  supervisor's  ratings  of  specific  individuals, 
while  maintaining  the  effects  of  unit  composition  in  the  ratings.  Thus,  auxiliary 
regressions  of  unit  input  ratios  on  supervisor's  estimates  of  the  typical  trainee's 
productivity  would  leave  the  residuals  of  the  regressions  composed  solely  of  sys¬ 
tematic  bias  and  random  error  absent  the  effect  of  input  ratios. 

The  independent  variables  for  the  edited  sample  were  constructed  by  summing 
across  portions  of  the  experience  category  vector  of  variables  that  refer  to  each 
unit's  specific  labor  composition.  Thus,  for  any  observation  in  the  sample,  the 
construction  of  the  L,  L,  input  ratio  variable  simply  involved  summat ion  across  t he 
various  experience  categories.  Thus, 

N 

L.  =  1  I 

1  ,1  ' 

where  I,  the  number  of  individuals  serving  a  first  term  with 
i  months  of  service  in  each  specific  work  unit, 

N  the  last  month  of  service  category  included  in  the 
it h  category  of  first  term  labor  for  each  occupation. 


RESULTS  Of'  THE  FIRST  TERM  ANALYSIS 

The  results  of  the  first  term  parameter  estimation  are  presented  in  Table  9, 
which  shows  the  estimated  elasticity  of  substitution  between  the  categories  of  first 
term  labor,  the  computed  t-ratio  for  the  aggregated  coefficient  from  which  the 
elasticity  is  derived,  and  the  categories  of  first  term  labor  used  for  the  estimation. 
Recall  that  the  estimate  of  the  elasticity  derives  from  the  estimated  coefficient  in 
(21)  since 
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and  that  our  estimate  of  derives  from  a  two-sta  procedure  where 
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Hence 
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Table  9 


Estimates  of  Substitution  Elasticities 

for  First 

Term  Agg 

IREGATION 

AFSC 

Descript  ion 

t-rat io 

Ll*  LJ 
Categories 

326X0 

Avionics  Aerospace  Ground  Equipment  Specialist 

2.16 

2.49* 

0  to  14  months  service  and 
15  to  48  months  service 

32bXl 

Integrated  Avionic  Component  Specialist 

1.11 

3.04* 

0  to  14  months  service  and 
15  to  48  months  service 

326X2 

Integrated  Avionic  Systems  Specialist 

2.65 

1.98* 

0  to  14  months  service  and 
15  to  48  months  service 

304X4 

Ground  Radio  Repairman 

9.39 

1.75* 

0  to  14  months  service  and 
15  to  48  months  service 

306X0 

Electronic  Communications  Equipment  Repairman 

8.09 

2.25* 

0  to  14  months  service  and 
15  to  48  months  service 

421X3 

Aerospace  Ground  Equipment  Repairman 

3.50 

4.30* 

0  to  11  months  service  and 
12  to  48  months  service 

422X1 

Aircraft  Environmental  Systems  Repairman 

3.77 

2,35* 

0  to  8  months  service  and 

9  to  48  months  service 

431X1 

Aircraft  Maintenance  Specialist 

3.70 

2.48* 

0  to  8  months  service  and 

9  to  48  months  service 

342X0 

Electrician 

0.84 

6.70* 

0  to  8  months  service  and 

9  to  48  months  service 

343X0 

Electrical  Power  Production  Specialist 

4.52 

1.95* 

0  to  11  months  service  and 
12  to  48  months  service 

571X0 

Fire  Protection  Specialist 

1.76 

3.01* 

0  to  11  months  service  and 
12  to  48  months  service 

622X0 

Cook 

4.76 

2.12* 

0  to  8  months  service  and 

9  to  48  months  service 

631X0 

Fuels  Specialist 

1.94 

2.57* 

0  to  8  months  service  and 

9  to  48  months  service 

647X0 

Materials  Facility  Specialist 

1.10 

4.30* 

0  to  11  months  service  and 
12  to  48  months  service 

671X3 

Accounting  Specialist 

2.55 

1.87 

0  to  8  months  service  and 

9  to  48  months  service 

902X0 

Hospital  Corpsman 

4.40 

2.45* 

0  to  8  months  service  and 

9  to  48  months  service 

981X1 

Dental  Specialist 

7.04 

2.19* 

0  to  8  months  service  and 

9  to  48  months  service 


Significant  at  the  .01  confidence  level. 


The  most  important  result  reflected  in  Table  9  is  that  on  the  basis  of  the 
regression  analysis,  we  can  reject  the  hypothesis  that  the  elasticity  of  substitution 
between  different  categories  of  first  term  labor  is  infinite,  and  hence  the  hypothesis 
that  the  linear  method  of  aggregation  is  in  all  cases  the  best  method  of  aggregation. 

In  all  but  two  of  the  occupational  cases  analyzed,  this  result  is  confirmed  with 
statistical  confidence.  However,  even  though  in  several  cases  a  significantly  non¬ 
infinite  elasticity  is  estimated,  the  estimate  itself  is  sufficiently  high  to  be  reason¬ 
ably  well  reflected  by  a  linear  aggregation  method  over  a  reasonable  range  of  actual 
substitutions  (say,  cases  where  the  elasticity  exceeds  5.0).  The  pattern  of  estimated 
elasticities,  however,  provides  no  strong  indication  of  the  relationship  between 
technical  difficulty  by  occupation  and  the  elasticity  of  substitution  between  groups 
within  a  first  term  of  service,  as  we  might  have  expected  a  priori.  But  many 
intervening  factors  might  tend  to  obscure  this  relationship  within  a  first  term — for 
example,  the  accuracy  of  the  categories  predetermined  for  the  analysis,  the  distri¬ 
bution  of  mental  categories  within  each  occupation,  the  effectiveness  of  formal 
training,  etc. — all  of  which  would  contribute  to  our  inability  to  observe  a  strongly 
identifiable  relationship  that  we  may  have  anticipated  a  priori. 

An  additional  inference  can  be  derived  from  Table  9  regarding  the  credibility 
of  the  productivity  data  set  from  which  the  estimates  were  derived.  Specifically,  the 
fact  that  the  estimates  of  the  elasticity  of  substitution  were  both  right-signed  and 
significant  in  all  but  two  cases  indicates  that  the  underlying  productivity  data  set 
is  of  high  quality.  The  relationship  between  specific  productivity  estimates  and 
actual  input  composition  of  each  work  unit  is  extremely  subtle,  and  one  would  not 
expect  to  see  it  significantly  reflected  in  an  analysis  of  supervisory  ratings  where 
this  particular  use  of  the  data  was  not  initially  intended.  The  fact  that  the  super¬ 
visors'  ratings  of  specific  individuals'  productivity  were  significantly  related  to  unit 
characteristics — although  made  with  no  knowledge  that  these  estimates  could  or 
would  be  related  to  the  specific  labor  composition  of  the  unit  from  which  they  were 
drawn — lends  credibility  to  the  productivity  estimates. 

In  terms  of  the  specification  of  the  first  term  model  given  by  (23),  the  estimates 
of  the  elasticity  of  substitution  reflected  in  Table  9  can  be  transformed  into  values 
of  fl.j,  the  substitution  parameter  in  (23),  by  the  relationship: 

1  1 

3--  =  - = -  •  (35) 

'J  1+0..  <>:: 

Ij  >J 

The  distribution  parameters  in  (23).  the  ct„  and  hence  the  a,  =  (1  «,),  can  be 

determined  directly  from  the  data  and  the  estimated  parameter  of  substitution 
given  the  general  formulation  of  the  parameter  from  the  definition  of  the  CES 
function.  Thus 
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and 


where  Ml’,  the  mean  marginal  productivity  of  the  ith 
category. 

Ml’,  the  mean  marginal  productivity  of  the  jth 
category, 

rt,j  the  estimated  substitution  parameter  from  the 
two-stage  estimation  of  (24). 

Table  10  presents  the  first  tier  specifications  of  the  aggregation  model  given 
by  (22)  for  each  of  the  occupations  included  in  the  sample  where  the  model  is  of 
the  form : 


1, 
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(2d) 


An  additional  element  of  Table  10  consists  of  the  parameter  estimates  of  an  al¬ 
ternative  formulation  of  the  first  term  aggregation  model,  the  weighted  linear  ag¬ 
gregation  model  in  which  case  the  parameters  y,  and  y,  represent  the  weights  of 
the  two  categories  of  first  term  labor  predetermined  for  each  occupation  in  the 
sample.  The  general  form  of  the  model  is 


Implicit  in  this  formulation  is  the  assumption  that  the  elasticity  of  substitution 
between  the  first  term  subcategories  is  infinite.  The  weights  y,  and  y,  reflect  the 
mean  marginal  productivity  of  the  two  groups.  Since  these  two  parameters  reflect 
marginal  relative  productivities  rather  than  factor  proportions,  they  need  not  sum 
to  one.  We  include  this  alternative  formulation  of  the  first  tier  model  because  it  will 
provide  an  additional  check  on  the  validity  of  the  hypothesis  that  elasticities  of 
substitution  are  infinite  and  because  several  of  the  estimated  elasticities,  although 
significantly  different  from  infinity,  are  sufficiently  large  to  be  approximated  by  the 
linear  aggregation  model.  We  expect  that  this  alternative  formulation  of  1.' ,  as  an 
input  to  the  general  model  given  by  (22)  should  provide  similar  results  to  those  of 
the  OKS  formulation  in  most  cases;  however,  these  results  may  not  he  as  statis¬ 
tically  significant  as  the  CKS  inputs  because  the  first  tier  analysis  results  indicate 
that  linearly  aggregated  measures  provide  a  statistically  inferior  model  of  produc¬ 
tion  reality. 

For  each  observation  in  the  data  set.  two  values  of  1, 1 ,  were  computed  for  each 
work  unit— one  from  the  estimated  OKS  first  term  model  and  the  other  from  the 
weighted  linear  aggregation  model.  These  values  can  he  used  as  inputs  to  the  first 
term  career  OKS  model  given  by 
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Table  10 

Specifications  of  First  Term  Aggregation  Function: 
CES  and  Linear  Models 


AFSC 

a, 

i 

°J 

-9ij 

1 

'  6ij 

Y1 

Yj 

326X0 

.494 

.505 

.539 

1.85 

.300 

.710 

326X1 

.490 

.510 

.099 

10.1 

.160 

.449 

326X2 

.805 

.195 

.624 

1.60 

.275 

.  616 

304X4 

.318 

.681 

.894 

1.11 

.327 

.578 

306X0 

.363 

.636 

.876 

1.14 

.038 

.546 

421X3 

.301 

.699 

.716 

1.39 

.215 

.465 

422X1 

.030 

.970 

.735 

1.35 

.073 

.502 

423X0 

.607 

.392 

.880 

1.13 

.030 

.417 

431X1 

.025 

.975 

.735 

1.35 

.036 

.568 

542X0 

.070 

.930 

-.190 

-5.25 

.082 

.441 

543X0 

.115 

.884 

.780 

1.28 

.142 

.417 

571X0 

.125 

.875 

.435 

2.20 

.121 

.508 

622X0 

.018 

.981 

.797 

1.27 

.032 

.562 

631X0 

.040 

.956 

.487 

2.05 

.307 

.457 

647X0 

.490 

.510 

.099 

9.90 

.167 

.589 

671X3 

.140 

.860 

.609 

1.64 

.056 

.  64  5 

902X0 

.350 

.650 

.772 

1.29 

.049 

.658 

981X1 

.056 

.944 

.858 

1.16 

.104 

.766 

where  L*,  =  total  labor  services  available  to  the  ith  military 
mission, 

L*(  =  an  index  of  the  total  first  term  labor  inputs  to  the 
ith  military  mission. 

Lei  =  total  career  labor  input  to  the  ith  military  mission, 


where  p,  the  substitution  parameter  of  the  CES  function 

between  a  first  term  labor  index  and  career  labor 
in  the  ith  mission, 

«  ‘ ,  ,  a2  the  distribution  parameters  of  the  CES  function 

for  a  first  term  labor  index  and  career  labor  in  the 
ith  mission. 
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ESTIMATING  TECHNIQUE  AND  ANALYTIC  RESULTS: 

FIRST  TERM  CAREER  AGGREGATION 

Given  the  estimation  of  two  aggregation  models  for  first  term  labor  inputs  to 
specific  military  missions,  the  problem  remains  as  to  the  specification  of  the  first 
term  career  aggregation  function  given  above.  The  substitution  parameter  in  (38) 
can  be  estimated  via  Eq.  (24).  Thus, 

/MP*f\  /L*f  \ 

,nl-Miy)-”  +  b-  ,39’ 


will  provide  an  estimate  of  the  elasticity  of  substitution  between  the  first  term 
aggregate  and  career  labor,  as  well  as  an  estimate  of  the  substitution  parameter 
in  Eq.  (38),  since  again 


-  U 


1,2  1+p 


1,2  1,2 


(40) 


Since  the  productivity  data  in  the  EUS  are  already  in  the  form  of  productivity 
relative  to  a  journeyman  specialist  in  each  specific  work  unit  from  which  the 
observation  is  drawn,  there  is  no  need  for  aggregation  within  specific  units;  hence 
(38)  may  be  estimated  directly,  without  recourse  to  the  two-stage  method  adopted 
in  the  estimation  of  the  first  term  aggregate.  However,  although  the  results  of  the 
first  term  aggregation  model  provide  a  value  of  the  first  term  index,  L*,  of  each 
unit,  the  actual  productivity  measures  do  not  correspond  to  measures  of  the  first 
term  index  relative  to  career  personnel.  Each  observation  in  the  EUS  data  set 
corresponds  to  an  estimate  of  the  marginal  productivity  of  the  ith  first  term  labor 
category  relative  to  a  fully  qualified  specialist.  Thus,  instead  of 


(~)L* 

dL*  MP* 
a  L*  ~  MPt. 

a  l 

c 

we  have 

3L* 

(1 L,.  MP-. 
_ n  _  _ ft 

3L*  =  MPc 

3  L 

c 


(41) 


(42) 


where  L*  =  total  labor  available  to  the  ith  mission.  Hence  the  data  from  the  EUS 
cannot  be  used  to  estimate  the  independent  variable  directly.  However,  expanding 
(22)  to  include  the  specification  of  L* ,  given  by  (23)  and  taking  the  partial  deriva¬ 
tive  in  the  expanded  form  of  L*  with  respect  to  any  L(j  we  find  that 
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we  find  that  adjusting  the  raw  data,  MP(1  Ml’,.,  by  (4-1),  all  of’ whose  elements  are 
known  from  the  first  term  aggregation  model,  we  can  use  the  estimation  function 
given  by  t39>  to  find  the  elasticity  of  substitution  between  the  first  term  aggregate 
and  career  labor  for  any  given  occupation.  Hence  the  expected  value  of  the  result¬ 
ant  estimate  of  will  be  equal  to  the  expected  value  of /i1>2  from  (39). 

Thus,  to  each  observation  in  the  data  set  a  variable  corresponding  to  the  value 
of  (44)  was  computed  and  appended  using  the  values  of  a,,  o,  and  L  ’f  from  the 
appropriate  first  term  aggregation  model  and  the  unit  data  from  which  the  observa¬ 
tion  was  drawn. 

Table  1 1  summarizes  the  results  of  the  first  term  career  estimating  procedure 
for  two  different  models  of  first  term  labor  aggregation — the  OKS  aggregation 
model  and  the  weighted  linear  or  infinite  elasticity  model. 

The  estimated  elasticities  of  substitution  between  the  first  term  index  and 
career  labor  are  given,  as  well  as  the  t-ratios  corresponding  to  a  test  of  the  hypoth¬ 
esis  that  the  estimated  elasticity  of  substitution  is  significant  ly  different  from  infini¬ 
ty  t/i  0).  Within  the  first  grouping  an  additional  t-ratio  is  reported  which  provides 
a  statistical  test  of  the  hypothesis  that  the  estimated  elasticity  of  substitution  is 
significantly  different  from  one.  that  is  the  implicit  assumption  in  the  commonly 
used  Cobb-Douglas  function  t/f  1)." 

A  significant  relationship  between  marginal  rates  of  substitution  and  actual 
input  ratios  between  first  term  and  career  personnel  appears  to  exist,  and  it  is  an 
inverse  relationship  as  expected.  That  is  to  say.  all  other  things  being  equal,  the 
relative  marginal  productivity  of  first  term  to  career  personnel  declines  as  the  ratio 
of  first  term  to  career  personnel  increases.  This  result  not  only  supports  the  particu¬ 
lar  form  of  the  functional  relationship  selected  for  the  analysis,  but  also  lends  a 
great  deal  of  credibility  to  the  productivity  data  set.  As  we  have  previously  argued, 
this  particular  relationship  is  an  extremely  subtle  one  which  a  data  set  of  low 
quality  would  be  unlikely  to  indicate,  especially  so  consistently  over  a  large  number 
of  occupational  observations. 

Within  the  context  of  the  first  set  of  elasticities,  those  derived  from  the  OKS  first 
term  aggregation  function,  we  find  that  in  the  vast  majority  of  the  cases  the  esti¬ 
mated  elasticity  of  substitution  is  significantly  different  from  infinity.  This  indicates 
that  the  commonly  adopted  assumption  of  an  infinite  elasticity  of  substitution  may 
be  inappropriate  in  most  cases.  The  overall  mean  of  estimated  elasticities  for  the 


*  See  Fisher  i!970>;  .laequette  and  Nelson  {  1971) 
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Table  11 

Estimates  of  Substitution  Elasticities  for  First 
Term  Career  from  CES  and  Weighted  Linear  Models 


AFSC 

1  (CES) 

II  (Weight 

ed  Linear) 

First  Term  to  Career 
Marginal  Rates  of 
Substitution  at 
Current  Input  Levels 

°1.2 

(1) 

t-rat  to 

8  =  0 
(2) 

t-rat  Lo 

S  *  -1 
(3) 

°1,2 

(4) 

t-rat io 

e  =  0 

(5) 

326X0 

2.  30 

1.76 

2.28 

2.81 

0.80 

2.20 

326X1 

1.50 

1.96 

0.98 

1.42 

1.80 

2.17 

326X2 

1.25 

5.80 

1.45 

1.58 

1.96 

2.25 

304X4 

5.01 

2.25 

9.09 

6 . 04 

1.58 

2.15 

306X0 

5.05 

1.78 

4.05 

>.77 

1.09 

2.15 

421X3 

2.57 

?  A  A 

3.83 

3.05 

1.76 

1.91 

422X1 

1.81 

4.77 

3.86 

2.08 

1 . 56 

1.95 

411X1 

2.14 

1.88 

2.1  . 

1.72 

2.46 

1.72 

542X0 

0.82 

3.14 

0.58 

1.42 

2.17 

1.92 

343X0 

4.00 

1.8b 

5.58 

6.01 

0.89 

1.92 

371X0 

...48 

1.69 

5.88 

5.11 

1.26 

1.92 

622X0 

4.00 

0. 

2.81 

2.23 

1.78 

1.68 

6  31X0 

8.42 

.73 

5.78 

7.19 

.786 

1.42 

647X0 

3.61 

8. 36 

21.4 

•*.25 

1.78 

1.15 

671X3 

4.08 

1.83 

5.  70 

5.60 

1.12 

1 . 48 

902X0 

1.71 

4.79 

3.40 

3.01 

0.79 

1.41 

981X1 

_ 

5.23 

1.64 

__ 

1.44 

1.45 

entice  sample  of  occupations  was  3.6.  which  indicates  that  in  general,  while  the 
potential  for  substitution  between  first  term  and  career  labor  exists,  this  substitu¬ 
tion  is  limited. 

Figure  2  illustrates  the  relationship  between  the  estimated  elasticities  of  substi¬ 
tution  between  first  term  and  career  personnel  and  occupational  skill  level  as 
reflected  by  length  of  formal  training.  As  anticipated,  this  relationship  is 
negative:  longer  training  times  tend  to  be  associated  with  lower  elasticities  of  sub¬ 
stitution.  It  can  be  expected  that  more  technically  demanding  occupations  have 
more  rigid  experience  requirements  and  hence  have  lower  elasticities  of  substi¬ 
tution.  Note  that  two  of  the  most  skilled  (as  indicated  by  length  of  formal  training) 
occupations  in  the  sample  have  very  high  estimated  elasticities  of  substitution. 
When  formal  training  becomes  very  lengthy,  say  over  six  months,  graduates  may 
be  so  well  prepared  that  even  though  their  relative  productivity  in  terms  of  speed 
and  efficiency  may  be  far  below  more  experienced  technicians,  their  substitut¬ 
ability  may  in  fact  increase.  Thus,  while  new  graduates  may  be  substantially  less 
productive  than  their  senior  counterparts,  their  training  may  be  broad  enough 
that  they  can.  given  time,  accomplish  any  job-related  task  in  the  work  center; 
hence  the  elasticity  of  substitution  will  be  higher  The  relationship  between  mar¬ 
ginal  rates  of  substitution  and  occupational  skill  level  is  likewise  quite  strong. 


A 
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Length  of  formal  training  (months) 


Fig.  2 — Relationship  between  estimated  elasticities 
of  substitution  and  training  time 

indicating  that  for  more  technically  demanding  occupations  more  first  term  per¬ 
sonnel  are  required  to  offset  the  loss  of  one  career  laborer. 

Taken  together  the  results  indicate  that  the  more  technically  demanding  the 
occupation,  the  more  limited  are  the  substitution  opportunities  of  first  term  person¬ 
nel  for  career  personnel,  both  in  terms  of  the  number  of  first  term  personnel 
required  to  offset  career  losses  and  in  terms  of  actual  substitutions  required  to 
induce  changes  in  the  substitution  potential  at  any  given  point. 

An  additional  hypothesis  tested  in  the  context  of  the  nested  CES  version  of  the 
labor  aggregation  function  was  that  the  estimated  elasticity  of  substitution  was  not 
significantly  different  from  one.  the  assumption  implicit  in  the  commonly  used 
Cobb  Douglas  function.  The  results  of  this  test  are  reflected  by  t-ratios  in  column  (3) 
of  Table  1 1.  These  findings  indicate  that  in  fact  the  bulk  of  the  cases  can  be  signifi¬ 
cantly  discriminated  from  the  unitary  elasticity  case,  by  having  an  estimated 
elasticity  greater  than  one. 

On  the  basis  of  these  results,  we  conclude  that  the  adoption  of  the  Cobb-Douglas 
formulation  of  the  aggregation  function  would  tend  to  systematically  understate 
the  elasticity  of  substitution  between  first  term  and  career  labor.  Taken  together 
with  the  test  of  the  infinite  elasticity  case,  we  find  that  the  two  most  commonly  used 
aggregation  functions — the  weighted  linear  and  the  Cobb-Douglas — tend  to  either 
systematically  overstate  or  understate  the  elasticity  of  substitution  between  first 
term  and  career  labor.  Thus  the  more  general  constant  elasticity  of  substitution 
formulation  is  superior. 

As  an  additional  check  on  the  results  from  the  first  term  aggregation  technique, 
elasticities  of  substitution  between  first  term  aggregates  and  career  labor  were  also 
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estimated  front  the  weighted  linear  aggregation  method  and  are  reported  in  col¬ 
umn  (4'  of  Table  11.  with  the  t-ratios  associated  with  the  test  of  infinite  elasticity 
reported  in  column  (5l.  As  anticipated,  the  results  in  terms  of  estimated  elasticities 
are  almost  identical  (the  partial  correlation  coefficient  between  the  two  estimated 
is  .8595).  The  estimates  from  the  infinite  elasticity  first  term  aggregation  model  are 
slightly  higher  than  those  derived  from  the  C’ES  formulation.  (The  mean  for  the 
first  group  is  3.6.  and  the  mean  for  the  second  group  is  4.4;  however,  this  is  not  a 
statistically  significant  difference.)  Since  the  infinite  elasticity  first  term  model  is  a 
statistically  inferior  reflection  of  the  actual  elasticity,  the  estimates  of  L’,  derived 
from  this  model  include  more  unexplained  variation  and  hence  tend  to  drive  the 
resultant  first  term  career  coefficient  to  zero  and  the  elasticity  to  infinity.  The 
results  of  the  two  versions  of  the  first  term/career  model  show  that  the  CES 
formulation  of  first  term  labor  aggregation  was  more  statistically  significant  than 
the  infinite  elasticity  aggregation  model. 

Table  12  arrays  the  final  parameter  estimates  of  the  first  term  career  labor 
aggregation  function  of  the  general  form: 
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Table  12 

Estimates  oe  First  Term  Career  Labor  Aggregation 


AFSC 

Descript  ion 

* 

ni 

a2 

-  P 

1 

-  P 

326X0 

Avionics  Aerospace  Ground  Equipment  Specialist 

.350 

.650 

.565 

1.77 

326X1 

Integrated  Avionic  Component  Specialist 

.  368 

.631 

.333 

3.00 

326X2 

Integrated  Avionic  Systems  Specialist 

.325 

.675 

.200 

5.00 

304X4 

Ground  Radio  Repairman 

.337 

.  663 

.800 

1.25 

306X0 

Electronic  Communications  Equipment  Repairman 

.373 

.627 

.802 

1.24 

421X3 

Aerospace  Ground  Equipment  Repairman 

.395 

.605 

.610 

1.63 

422X1 

Aircraft  Environmental  Systems  Repairman 

.386 

.613 

.  447 

2.23 

431X1 

Aircraft  Maintenance  Specialist 

.370 

.630 

.532 

1.87 

542X0 

Electrician 

.376 

.624 

-.221 

-4.52 

543X0 

Electrical  Power  Production  Specialist 

.400 

.600 

.750 

1.33 

571X0 

Eire  Protection  Specialist 

.370 

.630 

.777 

1 , 29 

622X0 

Cook 

.405 

.595 

.750 

1.33 

631X0 

Fuels  Specialist 

.486 

.514 

.888 

1.12 

647X0 

Materials  Facility  Specialist 

.431 

.569 

.723 

1.38 

671X0 

Accounting  Specialist 

.424 

.576 

.755 

1.32 

902X0 

Hospital  Corpsman 

.400 

.600 

.415 

2.41 

981X0 

Dental  Specialist 

.404 

.506 

.809 

1.24 
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Again,  the  estimates  of  the  elasticity  of  substitut  ion  reflected  in  Table  11  can 
be  converted  to  parameter  estimates  by  Eq.  (.'15): 

1  1 


Similarly,  the  distribution  parameters  (o  m.)  can  be  determined  direct ly  from  the 
regression  estimates  by  Kq  (36): 
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SUMMARY 

We  can  conclude  from  the  productivity  analysis  findings  that 

l  Substitution  between  first  term  and  career  personnel  in  the  production 
context  is  feasible,  but  this  substitution  cannot  be  achieved  at  constant 
rates  indefinitely. 

2.  Within  a  first  term  of  service,  substitution  between  various  experience 
categories  is  also  feasible,  but  as  with  the  former  case,  this  substitution 
potential  is  limited. 

Both  of  these  concliu  ms  are  in  direct  contradiction  to  the  two  most  commonly  held 
assumptions  regarding  the  military  production  process,  namely,  that  military  pro¬ 
duction  can  only  be  achieved  with  fixed  proportions  of  enlisted  personnel  or  that 
a  single  marginal  rate  of  substitution  observed  at  one  particular  production  point 
can  be  applied  over  all  possible  production  combinations.  The  findings  indicate  that, 
at  least  for  the  Air  Force  occupations  in  this  sample,  these  latter  two  hypotheses 
can  be  rejected  with  statistical  confidence. 

1).  Estimated  marginal  rates  of  substitution  and  elasticities  of  substitution 
are  related  to  occupational  skill  level. 

Specifically,  we  find  that  higher  skill  level  occupations  tend  to  be  associated  with 
higher  estimates  of  marginal  rates  of  substitutions  and  lower  elasticities  of  substi¬ 
tution.  Intuitively  this  result  seems  reasonable  since  we  would  expect  that  more 
technically  demanding  occupations  would  be  associated  with  longer  intervals  for 
new  specialists  to  become  tlified,  and  hence  with  higher  rates  of  marginal  substi¬ 
tution,  and  that  since  the  level  of  competence  required  at  the  fully  qualified  level 
is  higher  in  more  technical  occupations,  the  elasticity  of  substitution  would  be 
smaller  reflecting  the  rigidity  of  the  qualified  skill  requirement. 

In  sum,  these  findings  support  the  general  conclusion  that  the  Enlisted  Utiliza¬ 
tion  Survey  data  base  is  credible  and  thus  provides  a  solid  basis  for  the  conduct  of 
productivity  analysis  like  that  presented  here.  Finally,  we  conclude  that  the  con¬ 
stant  elasticity  of  substitution  formulation  of  the  aggregation  function  in  both  the 
first  term  career  and  intra-first  term  cases  is  superior  to  either  the  infinite  elasticity 
or  the  Cobb-Douglas  constant-at  unity  elasticity  formulation. 
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VI.  FRAMEWORK  FOR  DECISIONMAKING 


How  can  the  findings  of' the  productivity  analysis  described  in  Section  V  be  used 
in  minimizing  total  manpower  costs  subject  to  the  production  constraint  introduced 
in  Section  II? 

The  labor  aggregation  models  we  have  estimated  for  each  occupation  can  be 
used  to  determine  marginal  rates  of  substitution — and  hence  relative  marginal 
products — of  first  term  and  career  labor  at  specific  production  points  over  a  wide 
range  of  production  alternatives.  But  we  need  to  measure  the  relative  costs  of  these 
two  inputs  at  various  levels  of  utilization  in  order  to  determine  the  least  costly 
combinations  of  labor  at  specified  effectiveness  levels,  given  the  specific  form  of  the 
resultant  cost  and  productivity  functions. 

The  ideal  method  one  would  use  to  find  an  optimal  mix  of  first  term  and  career 
personnel  for  any  occupation  would  be  to  minimize  the  present  value  of  annual 
total  force  costs  in  transition  and  in  the  resultant  steady  state  subject  to  a  constant 
production  constraint.  The  problem  could  thus  he  represented  by  minimizing  the 
value  of 
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where 

Lf  =  f(wf)  and  Lc  =  g(wc,  Lf). 

Total  costs  are  represented  in  this  system  by  both  the  present  value  of  total 
force  transition  costs  from  the  initial  time  interval  to  t he  time  when  the  steady  state 
is  achieved  and  by  the  present  value  of  total  force  costs  in  the  steady  state.  Produc¬ 
tion  is  held  constant  in  each  of  the  time  periods,  both  during  transition  and  in  a 
steady  state,  and  supply  is  controlled  through  supply  functions  for  first  term  and 
career  labor.  The  solution  to  the  system  would  require  two  stages.  First  the  optimal 
steady  state  force  structure  deriving  from  a  static  optimization  model  would  be 
determined  and  then  the  optimal  transition  phase  force  structure  deriving  from 
some  dynamic  adjustment  model.1  But  our  purpose  is  to  gain  insight  into  the  produc¬ 
tion  portion  of  the  optimal  force  structure  problem,  not  to  solve  the  extremely 
difficult  and  complex  problem  of  total  force  structure  optimization  in  transition  and 


1  The  basic  methodology  for  determining  optimal  force  structures  in  both  the  static  and  dynamic 
framework  is  described  in  Munch  >1977' 
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in  a  steady  state.  Thus  the  ideal  methodology  far  exceeds  the  scope  of  the  current 
analysis.  Other  analysts  may  use  our  findings  to  pursue  the  true  optimization 
problem,  but  that  is  not  our  intent  here. 

The  approach  we  have  adopted  is  to  minimize  the  total  cost  of  a  given  force 
subject  to  a  production  constraint  in  the  context  of  two  simple  illustrative  models, 
each  of  which  incorporates  different  assumptions  regarding  the  costs  of  enlisted 
labor  and  its  supply.  The  first  model  is  a  simple  steady  state  model  where  first  term 
and  career  wages  are  taken  as  given  by  the  current  wage  rates  and  where  it  is 
assumed  that  sufficient  quantities  of  first  term  and  career  labor  are  available  at 
those  wage  rates  to  meet  any  demand.2 

The  second  model  explicitly  integrates  reenlistment  supply  considerations  into 
the  determination  of  cost.  In  this  case,  career  wage  is  a  variable  as  are  the  two 
categories  of  labor  and,  thus,  efficient  solutions  will  include  not  only  specific  mixes 
of  first  term  and  career  personnel  but  also  an  optimal  wage  required  to  induce  the 
retention  of  cost  effective  additional  career  personnel. 

The  advantage  of  this  approach  is  that  it  allows  for  the  determination  of 
unbiased  cost  effective  mixes  of  first  term  and  career  labor  consistent  with  the 
particular  conditions  of  each  occupation.  For  example,  in  those  cases  where  the 
current  mix  or  a  more  junior  mix  is  implied  as  the  cost  effective  one,  the  simple 
steady  state  model  ensures  that  the  solution  is  unbiased  inasmuch  as  career  labor 
will  be  systematically  underpriced.  But  in  cases  where  more  career  personnel  are 
indicated,  the  supply  constrained  model  ensures  that  the  solution  will  be  unbiased, 
since  the  assumptions  regarding  reenlistment  supply  are  conservative  with  respect 
to  cost  of  supply.  The  specific  nature  of  these  biases  and  their  implications  for  the 
results  will  be  discussed  in  the  context  of  each  model. 

An  additional  advantage  to  the  two  model  approach  is  that  it  allows  us  to 
explore  the  sensitivity  of  the  implied  efficient  solutions  to  various  assumptions 
regarding  costs  and  supply  behavior.  The  remainder  of  this  section  describes  both 
of  the  models,  their  implicit  assumptions  and  solutions,  the  method  of  costing  used 
as  an  input  to  each  of  the  models,  their  results,  and  the  overall  findings  for  cost 
effective  mixes  of  first  term  and  career  personnel  for  each  of  the  occupations. 
Additionally,  some  inferences  are  made  regarding  the  current  mix  and  the  stated 
objective  force  mix  in  the  Air  Force. 


MODEL  1:  THE  SIMPLE  STEADY  STATE  MODEL 

The  steady  state  model  takes  wages  as  given  by  the  current  wage  rates  and 
assumes  that  any  amount  of  labor  demanded  will  be  available  at  those  rates.  In  this 
system  retention  is  assumed  to  be  simply  a  function  of  demand  bounded  only  by 
the  conditions  that  the  second  term  inventory  of  a  career  force  cannot  exceed  the 
inventory  of  the  first  term  force  with  an  implicit  retention  rate  of  one.  Under  these 
conditions  the  problem  is  to  minimize 

W*{  L*{  +  WCLC  =  total  cost  (45) 

2  Although  the  term  "wage"  is  used  as  a  convenience,  the  fact  that  "cost"  in  the  military  context 
incorporates  much  heyond  visible  wage  is  fully  borne  in  mind  and  explicitly  addressed  under  "Costing" 
below. 


subject  to  the  production  constraint:11 
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where  E  the  effectiveness  level  achieved  at  the  current  first  term  and  career 
input  levels.  In  this  case,  the  solution  is  found  by  solving 
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The  first  order  condition  for  either  the  first  term  or  career  input  can  also  be  written, 

e.g.. 
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The  numerator  represents  the  marginal  cost  of  hiring  an  additional  member  of  the 
career  force,  and  the  denominator  represents  the  marginal  productivity.  Since  the 
ratio  of  marginal  cost  to  marginal  productivity  must  equal  the  Lagrangian  multi¬ 
plier  X,  the  ratio  must  be  the  same  for  both  first,  term  and  career  personnel.  Thus, 
for  the  two  experience  categories,  the  ratio  of  their  marginal  costs  must  equal  the 
ratio  of  their  marginal  products  to  minimize  costs  at  a  constant  effectiveness  level.4 


■'  Recall  that  I,*  f  is  an  index  of  tirst  term  labor  deriving  from  the  first  tier  of  the  productivity  model. 
W  f  is  the  per  unit  cost  of  l.*(  and  is  computed  as  W'i  Wf  l.f  L*t .  Although  the  real  expression  we 
wish  to  minimize  is  Wfl.f  t  W,.1T,  it  is  easily  demonstrated  that,  in  a  steady  state,  minimizing  W’(l.’( 
*  W,.|,..  in  fact,  minimizes  WfI,f  t  Wt.l v 

*  Having  solved  for  L'f  and  1.,.  analytically,  an  actual  cost  minimizing  tirst  term  inventory  l.f  can 
he  derived  from  the  first  tier  aggregation  function  and  specified  continuation  rates.  In  this  manner 
attrition  and  training  pipeline  factors  can  he  taken  into  account  For  example,  for  any  given  occupation, 
the  first  term  inventory  l.f  is  composed  of  both  a  series  of  on-the-job  experience  categories  Lp  and  a 
category  for  first  termers  not  yet  on  the  job,  hence,  not  in  the  training  pipeline.  Thus,  Lf  I ,fi  t  Lp> 
For  the  purposes  of  this  analysis  we  have  taken  the  service  attrition  goals  and  the  current  training 
pipeline  proportions  as  fixed  and  have  thus  apportioned  first  term  personnel  arross  the  Lr,  and  Lfp 
categories  accordingly  In  this  way  efficient  units  of  Lf  are  converted  into  actual  inventories  of  Lp  and 
L(p  and  hence  an  overall  first  term  inventory  Lf 
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Although  this  model  is  unrealistic  with  respect  to  the  retention  of  additional 
career  personnel  ( i .  e . ,  by  implicitly  assuming  that  a  retention  rate  of  one  can  be  had 
at  the  current  wage),  it  doe.  provide  conservative  estimates  with  respect  to  cases 
where  either  a  retention  of  the  current  mix  or  a  more  junior  mix  is  indicated,  since 
additional  career  inputs  are  systematically  underpriced  and  hence  overestimated 
in  terms  of  cost  effectiveness.  Furthermore,  this  model  provides  useful  upperbound 
estimates  of  career  inventories  in  a  cost  minimizing  context  for  cases  where  more 
career  inputs  appear  cost  effective.  For  example,  consider  a  case  where  in  the 
context  of  the  unconstrained  mode!  a  slightly  more  career  intensive  force  is  indi¬ 
cated  and  where  in  the  context  of  the  constrained  model  the  indication  is  that  these 
additional  career  inputs  cannot  be  purchased  cost  effectively.  In  this  case,  it  may 
well  he  that  a  small  expansion  of  the  eligible  force  for  reenlistment  may  be  suffi¬ 
cient  to  attract  the  indicated  small  number  of  additional  reenlistments  at  no  in¬ 
crease  in  wage.  Thus,  although  the  unconstrained  model  is  biased  witii  respect  to 
estimates  of  cost  effective  mixes  which  indicate  a  substantial  increase  in  career  in¬ 
puts,  it  may  not  be  biased  with  respect  to  the  cost  effectiveness  of  small  changes 
toward  a  more  senior  force. 


MODEL  2:  THE  SUPPLY  CONSTRAINED  MODEL 

The  supply  constrained  model  goes  one  step  further  than  the  simple  steady 
state  framework  in  modeling  the  military  labor  system,  inasmuch  as  it  incorporates 
the  fact  that  the  military  must  pay  a  wage  differential — typically  reenlistment 
bonuses — to  induce  the  retention  of  additional  career  personnel.  In  this  context, 
career  wage,  like  the  first  term  and  career  inventory,  is  a  variable  in  the  system.5 

In  this  case,  retention  is  not  only  a  variable  function  of  first  term  labor  but  also 
of  the  career  wage.  For  the  purposes  of  this  analysis  we  have  selected  a  supply 
function  which  is  at  once  sufficiently  sophisticated  to  be  consistent  with  the  findings 
of  the  empirical  work  on  military  retention  and  at  the  same  time  sufficiently  simple 
so  as  to  provide  an  analytic  solution  to  the  constrained  optimization  problem. 
Specifically,  the  supply  function  selection  is  of  the  form 


where  the  derivative  of  career  labor  with  respect  to  career  wage  is  equal  to 
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and  where  the  elasticity  of  supply  is  given  by 
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1  It  should  bo  noted  that  tor  the  current  analysis  the  supply  of  first  term  labor  is  unconstrained.  This 
assumption  will  tend  to  bias  the  results  in  favor  of  first  term  labor  for  those  cases  where  although  the 
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This  function  is  a  positively  sloped  quadratic  function  which,  for  a  specified  level 
of  L  *f<  reflects  a  positive  relat  ionship  between  career  wage  and  first  term  retention. 
Thus,  higher  levels  of  retention  require  increases  in  career  wage.  For  each  occupa¬ 
tion  in  the  sample  the  parameters  of  the  supply  function  are  estimated  to  reflect 
the  current  retention  conditions  for  that  occupation.  Enhanced  retention  and,  in 
turn,  increased  career  wage  represent  departures  from  the  current  occupationally 
specific  retention  conditions.  For  purposes  of  this  analysis  we  have  fixed  the  limit¬ 
ing  value  of  L*,  in  the  supply  model  at  1L  ‘ ,  for  any  starting  value  of  L  *,  and  hence 
have  determined  a  retention  rate  of  one  as  the  limit  for  any  particular  specification. 

This  particular  functional  form  is  similar  in  many  respects  to  the  class  of  supply 
functions  which  have  typically  been  applied  to  the  problem  of  supply  analysis  in 
the  military  context  .'1  The  advantage  of  this  particular  formulation  lies  in  both  its 
mathematical  tractability  and  the  reasonableness  of  its  shape  Furthermore,  this 
function  is  a  constant  elasticity  of  supply  function,  and  that  elasticity  is  equal  to 
2  This  is  an  important  attribute  of  the  function  since  the  results  of  research  efforts 
regarding  the  elasticity  of  supply  for  the  first  reenlistment  decision  indicate  that 
the  elasticity  is  approximately  equal  to  2. 7  Thus,  this  formulation  of  the  supply 
function  is  not  only  consistent  with  the  empirical  literature  on  military  supply 
behavior  and  the  theoretical  literature  on  functional  forms  for  supply  analysis,  but 
also  greatly  simplifies  the  difficult  problem  of  finding  an  analytic  solution  to  the  set 
of  nonlinear  first-order  conditions  needed  for  optimization." 

The  set  of  efficient  mixes  of  first  term  and  career  labor  that  solve  this  particular 
model  will  be  conservative  with  respect  to  the  utilization  of  additional  career  labor 
since,  as  structured,  this  model  regards  the  military  employer  as  a  monopsonist 
with  respect  to  career  labor — that  is,  an  employer  who  unlike  the  normal  competi¬ 
tive  employer  faces  an  upward  sloping  supply  curve.  The  effect  of  the  monopsony 
conditions  are  that  the  military  will  pay  a  higher  price  for  career  labor  (the  margin- 


current  supply  of’ first  term  labor  is  sufficient  to  meet  current  demands,  a  shift  in  demand  indicated  by 
the  unconstrained  optimization  may  not  bo  feasible  given  current  wage  rates. 

Consider  the  supply  function  which  the  military  as  a  competitive  firm  currently  faces  with  respect 
to  all  first  term  labor  reflected  by  Curve  A  in  Fig.  3.  Here  we  see  the  supply  curve  as  flat  for  the  current 
wage  rates  and  upward  sloping  thereafter  If  demand  Curve  B  represents  current  occupational  demand 
for  first  term  labor  it  is  clear  that  there  is  an  adequate  supply  at  the  current  wage  rate  \V*  f  If*  however, 
the  results  of  unconstrained  optimization  indicate  a  shift  in  first  term  demand  to.  say.  Curve  C.  then 
at  the  current  wage  rate  supply  will  he  inadequate  to  meet  the  new  demand.  In  order  to  integrate  this 
constraint  into  the  current  framework  we  would  need  to  know  not  only  the  general  supply  conditions 
ti  e  first  term  elasticities  of  supply),  but  also  the  particular  supply  and  demand  conditions  for  each 
occupation. 

Furthermore,  in  the  context  of  a  declining  manpower  pool  in  the  1980s,  this  problem  is  likely  to  he 
exacerbated  for  each  occupation  as  the  overall  supply  curve  will  shift  to  the  left,  making  fewer  acces¬ 
sions  feasible  at  current  wage  rates 

"  Specifically,  the  classes  of  functions  that  have  been  applied  to  supply  analysis  include  the  exponen 
tial  t.Jacquette  and  Nelson.  1971);  lognormal  and  the  logistic  (Fisher.  1909,  and  (Jrissmer  et  al  .  1972) 
dates  et  al  (1970)  and  Knns  (1975) 

M  The  predominant  disadvantage  of  this  particular  function  derives  from  the  fact  tha*  if  both  1/  \  and 
I.,  are  allowed  to  vary,  the  resultant  cost  function  w'fl/f  t  (4lq*b)  '  r>  •  Iv  dost  is  convex 

to  the  origin  as  opposed  to  the  normal  linear  or  concave  shape  and  does  not  guarantee  an  efficient 
solution.  Figure  1  illustrates  tin*  relationships.  The  production  constraint  is  represented  by  the  curve 
K  Curves  A  and  B  represent  linear  and  non-linear  concave  cost  curves  and  Curve  C  represents  th»* 
non-linear  convex  case.  It  can  he  seen  that  while  the  more  normal  cost  curves  ( A\B)  provide  cost 
minimizing  tangencies  for  the  production  constraint.  Curve  C  does  not  provide  a  true  minimum  value 
In  fact,  such  cost  curves  may  generate  more  than  one  intersection  or  none  at  all  For  purposes  of  this 
analysis  we  have  held  I/f  constant  for  each  occupation  m  the  supply  function,  thereby  creating  .  cost 
function  which  is  of  the  more  normal  concave  shape.  The  effect  of  this  restriction  is  to  understate 
required  amounts  of  wage  increase  to  induce  additional  career  labor;  however,  within  the  relevant  range 
of  consideration,  this  effect  can  he  easily  shown  to  he  trivial 


Fig.  3 — Supply  and  demand  of  first  term  labor 


Fig.  4 — Relationship  of  cost  curves  and  production  constraint 
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al  cost  as  opposed  to  the  average  cost  in  the  competitive  framework)  and,  hence, 
will  use  it  less  intensely  than  in  the  competitive  market.  Furthermore,  we  have 
ignored  the  potential  for  cross  training  in  the  system.  This  is  a  process  whereby 
individuals  who  complete  one  term  of  service  in  a  particular  occupation,  reenlist 
for  a  different  occupation.  In  this  way  career  resources  can  be  transferred  from  an 
occupation  that  may  have  a  surplus  of  potential  reenlistees  to  an  occupation  that 
has  difficulty  in  meeting  career  requirements.  Although  such  cross  trainees  induce 
additional  training  costs,  additional  bonus  costs  may  be  avoided  as  well  as  certain 
attrition  costs,  since  the  proportion  of  cross  trainees  who  fail  to  complete  a  second 
term  of  service  is  extremely  small.  The  specific  solution  to  the  cost  minimizing 
conditions  in  this  case  is  found  by  solving: 
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Note  that  the  value  of  4L‘  f  in  the  supply  function  has  been  fixed  at  K  and  hence 
is  treated  as  a  constant  in  the  model. 


COSTING 

Before  turning  to  the  results  of  the  optimization  models  it  is  important  that 
basic  cost  issues  be  briefly  considered.*1  As  previously  mentioned,  the  appropriate 
concept  in  measuring  the  cost  of  additional  first  term  and  career  personnel  is  the 
average  marginal  cost.  The  specific  costing  technique  consists  of  averaging  cost 
elements  for  each  year  of  service  over  each  of  the  years  included  in  the  first  term 

’  A  full  discussion  of  cost  and  cost  elements  is  contained  in  Appendix  B 


(52 


and  second  and  subsequent  terms  of  service.  This  valuation,  which  includes  all  pay 
and  benefits  received  on  an  annual  basis,  as  well  as  annualized  values  for  such 
important  cost  elements  as  training  and  accession  costs  and  retirement  (for  exam¬ 
ple,  at  say  20  years  of  service),  is  distributed  equally  ,  toss  each  of  the  career  years 
of  service  up  to  that  point.  Table  13  summarizes  the  cost  elements  derived  from  this 
technique  for  one  occupation  in  the  sample,  the  30GX0  cryptographic  equipment 
repair  specialty. 

In  terms  of  relative  costs,  we  can  see  in  Table  13  the  impact  of  each  cost  element 
on  overall  cost.  For  example,  if  we  use  as  the  measure  of  relative  costs  the  value 
of  pay  and  allowances  alone,  we  find  that  first  term  cost  is  65.3  percent  of  career 
cost.  If  we  include  the  cost  of  retirement  to  pay  and  allowances,  we  find  that  first 
term  costs  are  reduced  to  52.5  percent  of  career  cost.  In  the  case  of  the  AFSC  306X0. 
we  find  that  the  addition  of  training  costs  to  the  previous  calculation  increases  first 
term  costs  to  74.7  percent  of  career  costs. 

Thus,  the  costs  of  training  and  retirement  substantially  alter  the  relative  costs 
of  first  term  and  career  personnel  for  each  occupation.  They  are  thus  extremely 
important  in  determining  efficient  allocations  of  first  term  and  career  personnel.  In 
contrast,  however,  removing  the  bonus  considerations  in  the  career  cost  estimate 
in  each  of  the  calculations  only  raises  the  relative  cost  of  first  term  personnel  by 
less  than  3  percent  in  each  case.  Clearly,  the  results  are  sensitive  to  estimates  of 
training  and  retirement  costs  and  if  either  of  those  costs  changes  substantially,  die 
results  of  the  models  will  also  change. 


NUMERICAL  RESULTS 

The  numerical  results  developed  for  each  of  the  optimization  models  are  based 
on  the  constant  elasticity  of  substitution  productivity  functions  described  in  Section 
III  and  the  cost  data  summarized  above.  The  results  reflect  the  analytically  deter¬ 
mined  least  costly  combinations  of  first  term  and  career  inputs  at  constant  effective¬ 
ness  levels  consistent  with  the  assumptions  of  each  model. 

As  an  overview  to  an  analysis  of  the  specific  results  of  each  of  the  models.  Fig. 
5  shows  the  likely  implications  of each  model  in  terms  of  impact  on  cost  minimizing 
labor  allocations.  First  term  and  career  labor  are  represented  by  Lf  and  L(.  respec¬ 
tively.  Productivity  is  rep'  esented  by  a  constant  level  of  effectiveness  constraint, 
the  curve  E.  Both  of  the  cosung  and  supply  models  are  represented  by  a  particular 
isocost  curve  derived  from  the  cost  function  each  entails.  Curve  A  corresponds  to 
the  simple  steady  state  model  and  is  tangent  to  the  production  constraint  at  point 
0-tA>hc\)-  If  we  take  the  point  (L*,.  L*  r )  as  the  current  inventory,  it  is  clear  that  the 
implication  of  applying  the  simple  competitive  model  is  that  a  shift  in  resources 
toward  a  more  senior  force  would  be  cost  effective.  The  supply  constrained  model 
is  represented  by  the  Curve  B.  In  this  case  the  resultant  cost  curve  is  nonlinear, 
reflecting  the  fact  that  career  wage  is  not  held  constant  and  hence  the  ratio  of  first 
term  to  career  wage  is  not  constant.  For  increasing  units  of  career  labor  more  and 
more  units  of  first  term  labor  must  be  forgone  for  overall  cost  to  remain  constant. 
In  this  case  we  find  the  point  of  tangency  to  be  (L,.z  Lfz)  which,  while  entailing  a 
much  less  intensive  use  of  career  labor  than  Case  A,  still  indicates  a  more  experi¬ 
enced  force  than  that  reflected  in  the  initial  inventory.  Although  these  particular 
curves  are  provided  simply  by  way  of  example,  they  do  illustrate  the  implications 


t  Production  constraint 


A  -  Steady  state  model 


B  Supply  constrained  model 


Fig.  5 — Implications  of  cost  and  supply  models  for  minimizing 
costs,  holding  effectiveness  constant 


of  the  different  assumptions  implicit  in  each  of  the  different  models  for  cost  mini¬ 
mizing  solutions.  In  general,  the  simple  competitive  model  will  indicate  cost  mini¬ 
mizing  mixes  which  are  more  career  intensive  than  those  indicated  by  the  supply 
constrained  model. 


MODEL  1  RESULTS 

Table  14  reflects  the  results  of  cost  minimizing  optimization  derived  from  the 
simple  competitive  model.  The  current  inventory  and  the  implied  efficient  distribu¬ 
tion  are  shown  for  each  occupation.  The  results  imply  that  a  more  senior  force  is 
desirable.  Overall,  the  current  distribution  for  this  sample  of  occupations  is  just 
below  52  percent  first  term  personnel  while  the  implied  efficient  distribution  for  the 
same  sample  is  just  less  than  45  percent  first  term.  The  variance  about  the  two 
overall  estimates  is  likewise  quite  different  tin  the  current  inventory  the  variance 
is  .006  while  for  the  implied  efficient  solutions  the  variance  is  .0281  reflecting  the 
fact  that  in  the  cost  minimizing  context,  solutions  are  not  bound  by  a  general 
tendency  to  balance  distributions  across  occupations.  Thus,  for  example,  while  the 
general  implication  of  the  model  is  to  reduce  the  first  term  career  mix  in  general, 
in  over  40  percent  of  the  specific  cases,  either  an  increase  in  first  term  inputs  or  a 
retention  of  the  current  distribution  is  indicated.  In  the  remaining  cases  it  must  be 
borne  in  mind  that  the  implicit  assumptions  of  the  simple  competitive  model  tend 
to  bias  the  results  in  favor  of  additional  career  personnel,  since  the  assumption  of 
unconstrained  supply  contradicts  the  empirical  evidence  of  retention  behavior. 
Thus,  results  that  indicate  more  intensive  use  of  career  labor  reflect  more  upper 
bounds  of  career  content  than  realistic  measures  of  optimal  first  term  career  mixes. 


As  anticipated,  those  occupations  associated  with  substantial  training  costs  are 
also  associated  with  the  cost  minimizing  solutions  that  entail  the  most  intensive  use 
of  career  labor.  Similarly,  those  occupations  in  the  medium  or  low  skill  category 
entail  the  most  intensive  use  of  first  term  labor  in  the  cost  minimizing  context. 

In  general,  the  findings  derived  from  the  simple  competitive  model  are  conser¬ 
vative  with  respect  to  cases  where  a  more  first  term  intensive  force  is  indicated, 
or  where  the  current  mix  is  found  to  be  the  efficient  one,  and  are  biased  with  respect 
to  cases  where  more  career  personnel  are  indicated.  For  those  cases  the  results 
should  be  regarded  as  upper  bounds  only. 


MODEL  2  RESULTS  AND  COMPOSITE  FINDINGS 

Table  15  summarizes  the  results  of  the  supply  constrained  model  as  applied  to 
those  occupations  for  which  in  the  context  of  the  simple  competitive  model,  addi¬ 
tional  career  personnel  are  indicated  as  cost  effective.  For  the  remainder  of' the 
cases  composite  findings  are  reported  which  reflect  the  results  of  the  first  model. 
In  sunt,  these  results  reflect  the  single  best  estimates  for  each  occupation  and  are 
presented  as  a  summary  for  the  modeling  exercise  111 

As  anticipated,  constraining  the  supply  of  personnel  into  the  career  force  on  the 
determination  of  cost  effective  combinations  of  first  term  and  career  personnel 
substantially  reduces  the  size  of  the  efficient  career  content.  For  example,  the 
results  of  the  competitive  model  indicate  that,  on  average,  career  content  should 
be  increased  by  almost  25  percent  in  those  occupations  where  additional  career 
personnel  are  cost  effective  at  the  current  wage.  For  the  same  occupations,  how¬ 
ever,  the  results  of  the  supply  constrained  model  indicate  that,  on  average,  the 
career  content  should  be  increased  by  little  more  than  7  percent.  The  specific 
magnitude  of  change  from  one  context  to  the  other  for  any  given  occupation  will, 
of  course,  depend  on  a  variety  of  factors,  including  the  first  term  wage,  the  current 
mix  of  first  term  and  career  personnel,  and  the  parameters  of  the  productivity 
model.  Thus,  these  estimates  will  vary  from  occupation  to  occupation.  Neverthe¬ 
less,  the  overriding  result  of  the  supply  constraint  is  to  significantly  reduce  career 
cost  effectiveness  for  each  occupation  considered.  Assumptions  regarding  supply- 
must  therefore  be  regarded  as  a  critical  element  of  the  determination  of  efficient 
force  structures. 

An  additional  product  of  the  supply  constrained  model  is  an  estimate  of  the 
average  marginal  career  wage  required  to  induce  the  efficient  number  of  career 
personnel  in  each  occupation.  To  put  the  resultant  values  in  context,  consider  that 
the  average  marginal  cost  of  career  labor  without  a  reenlistment  bonus  is  estimated 
at  $18,907,  and  w-ith  a  level  two  reenlistment  bonus  at  $19,275.  In  each  case  where 
additional  career  personnel  are  indicated,  the  resultant  estimate  of  t  he  optimal 
average  marginal  career  wage  falls  well  within  the  bounds  of  the  current  bonus 
structure. 

These  results  are  presented  as  estimates  based  on  the  assumptions  implicit  in  the  general  frame- 
vork  and  the  specific  assumptions  of  each  model  They  are  not  necessarily  true  optimal  values  of  first 
term  career  distributions  because  many  dynamic  considerations  are  ignored  and  important  factors  such 
as  attrition,  enlisted  supply,  and  eligibility  for  reenlistment  are  only  estimated  values  from  current 
experience  Changes  ,n  these  factors  may  substantially  alter  the  findings 


In  general,  the  findings  for  the  sample  of  occupations  included  in  the  study 
indicate  that,  in  the  aggregate,  the  current  first  term/career  inventory  is  very  close 
to  the  one  that  would  be  selected  on  the  basis  of  cost  minimizing  criteria.  For 
example,  the  proportion  of  first  term  personnel  in  the  current  force  is  roughly  50 
percent;  the  proportion  in  the  cost  effective  force  is  49  percent.  In  terms  of  overall 
force  size,  the  current  force  is  only  slightly  more  than  1.5  percent  larger  than  the 
implied  efficient  force,  and  the  career  content  not  even  a  percent  lower.  On  the  basis 
ef  aggregate  measures  alone,  it  would  seem  that  the  current  force  structure  is  very 
close  to  a  cost  minimizing  structure.  However,  when  the  results  are  disaggregated 
by  occupational  specialty,  we  find  a  great  deal  of  variance  between  the  current  and 
implied  efficient  distributions — variance  that  has  important  cost  consequences. 

In  Table  15  we  see  that  in  40  percent  of  the  cases  more  first  term  personnel  are 
indicated  than  in  the  current  distribution,  and  in  over  50  percent  of  the  cases  more 
career  personnel  are  indicated.  In  only  about  10  percent  of  the  cases  do  we  find  that 
the  current  distribution  of  personnel  is  essentially  the  same  as  the  implied  efficient 
distribution.  The  tendency  of  these  discrepancies  is,  as  one  would  anticipate, 
toward  more  intensive  use  of  career  personnel  in  highly  skilled  occupations  and 
increased  use  of  first  term  personnel  in  lower  skilled  occupations,  and,  in  general, 
more  variance  among  occupations  than  in  the  current  force  structure. 

Figure  6  shows  the  relationship  between  differences  in  the  current  and  implied 
efficient  occupational  force  structures  and  occupational  skill  level,  represented  by 
length  of  formal  training.  Differences  in  force  structure  are  summarized  as  the 
ratio  of  the  proportion  offirst  term  personnel  in  the  current  force  to  the  proportion 
of  first  term  personnel  in  the  implied  efficient  occupational  forces.  When  this  ratio 
is  greater  than  one,  the  current  force  is  more  first  term  intensive  than  is  the  implied 
efficient  force  and,  conversely,  when  this  ratio  is  less  than  one  the  current  force  is 
more  career  intensive  than  is  the  implied  efficient  force.  We  find  that  for  occupa¬ 
tions  with  more  than  three  months  of  formal  training,  the  implied  efficient  force 
is  more  career  intensive  than  the  current  force,  indicating  a  cost  effective  shill  of 
resources  toward  greater  numbers  of  career  personnel.  Conversely,  for  occupations 
with  less  than  three  months  of  formal  training,  the  implied  efficient  force  is  either 
the  same  as  the  current  force  or  more  first  term  intensive,  indicating  a  cost  effective 
move  to  a  more  junior  force.  The  implied  efficient  first  term  proportions  for  the 
three  most  skilled  occupations  in  the  sample  are  only  slightly  lower  than  the 
current  proportions  This  result  is  indicative  of  the  imposition  oft  he  supply  con¬ 
straint  in  these  cases  and  the  fact  that  these  occupations  currently  have  relatively 
high  career  proportions  (almost  60  percent  in  each  of  the  cases).  Nevertheless,  for 
this  set  of  occupational  specialties,  high  skill  occupations  seem  to  be  systematically 
underrepresented  by  career  personnel,  and  low  skill  specialties  appear  to  be  sys¬ 
tematically  underrepresented  by  first  term  personnel. 

The  cost  implications  of  these  differences  are  significant.  A  comparison  of  the 
total  force  cost  of  the  current  force  and  the  implied  efficient  force  indicates  that  at 
current  effectiveness  levels  and  at  essentially  the  same  total  force  size,  a  redistribu¬ 
tion  offirst  term  career  pesonnel  within  occupations  subject  to  constant  total  force 
proportions  is  associated  with  a  net  savings  of  almost  $ld  million.  Naturally,  these 
costs  are  subject  to  change  depending  on  the  validity  of  the  assumptions;  however, 
they  do  underscore  the  important  potential  cost  consequences  of  differing  the  mix 
offirst  term  and  career  personnel  within  occupations  over  a  fixed  force  mix.  and 
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Fig.  6 — Relationship  between  specialty  skill  level  and  variation 
between  current  and  implied  efficient  specialty  structures 


emphasize  the  importance  of  deriving  cost  effective  overall  force  structures  from 
individual  occupational  analysis. 

From  the  results  of  the  model,  we  conclude  that  while  in  the  aggregate  the 
current  distribution  of  first  term  and  career  personnel  for  these  occupational  spe¬ 
cialties  seems  to  be  quite  close  to  an  efficient  distribution,  the  distributions  within 
many  of  the  individual  occupations  are  not.  The  findings  presented  here  tend  to 
indicate  an  overutilization  of  career  personnel  in  many  medium  and  low  skill 
occupations  and  an  underutilization  of  career  personnel  in  high  skill  occupations. 
Furthermore,  these  results  indicate  that  the  reenlistment  bonus  is  not  used  to  full 
advantage  in  this  set  of  occupations,  since  the  current  bonus  distribution  includes 
only  one  member  of  the  sample  whereas  the  results  of  this  analysis  indicate  that 
reenlistment  bonuses  could  be  cost  effectively  applied  in  at  least  seven  cases.  Final¬ 
ly,  the  findings  of  this  analysis  strongly  emphasize  the  importance  of  determining 
overall  force  structures  from  individual  occupational  analysis,  as  opposed  to  deter¬ 
mining  force  structures  exclusively  in  the  aggregate. 


FORCE-WIDE  IMPLICATIONS  AND  THE  CURRENT 
OBJECTIVE  FORCE  STRUCTURE 

Although  the  specific  conclusions  to  be  drawn  from  the  results  of  this  analysis 
apply  exclusively  to  the  sample  of  occupations  included  in  the  study,  on  the  basis 
of  the  size  of  the  sample  and  its  representativeness  certain  inferences  regarding  the 
Air  Force  enlisted  force  as  a  whole  can  be  made.  For  example,  although  the  sample 
of  occupations  included  in  the  study  represent  only  a  small  fraction  of  the  total 
number  of  Air  Force  occupational  specialties,  t  he  total  inventory  of  enlisted  person¬ 
nel  included  in  the  sampled  occupations  constitutes  almost  25  percent  of  the  entire 
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Air  Force  enlisted  force.  Furthermore,  the  sample  reflects  the  spectrum  of  skill 
levels  among  Air  Force  occupations  ranging  from  the  cryptographic  equipment 
repaii’  specialty  (306X0)  with  six  months  of  formal  training  to  the  vehicle 
driver-operator  specialty  (622X0)  with  less  than  two  months  of  training.  The  fact 
that  this  particular  sample  is  proportionally  overrepresented  by  vein  high  and  low 
skill  occupations  -  both  of  which  tend  to  have  higher  than  average  first  term  pro¬ 
portions — is  reflected  in  the  fact  that  the  current  first  term  proportion  for  the 
sample  is  51.5  percent  whereas  the  current  Air  Force  wide  proportion  of  first  term 
personnel  is  only  48. 6  percent.  Nevertheless,  in  terms  of  both  absolute  size  and  skill 
variation,  the  sample  of  Air  Force  occupations  included  in  the  study  provides  a 
reasonable  basis  for  making  inferences  for  the  Air  Force  enlisted  force  as  a  whole. 

On  the  basis  of  the  size  of  the  sample  in  terms  of  overall  inventory  and  the 
distribution  by  occupational  skill  level,  we  can  reasonably  infer  that  the  conclusions 
that  follow  from  the  specific  results  for  those  occupations  will  have  general  appli¬ 
cations  for  the  Air  Force  as  a  whole.  Thus,  it  would  seem  that  an  overall  Air  Force 
proportion  of  first  term  to  career  personnel  of  around  50  percent  at  current  strength 
levels  would  he  consistent  with  cost  minimizing  criteria,  and  that  a  retention  of  the 
current  enlisted  force  mix  of  roughly  49  percent  is  desirable.  Furthermore,  for 
many  occupations  in  I  his  sample,  t  he  specific  first  term  career  mixes  do  not  neces¬ 
sarily  represent  cost  effective  mixes.  Specifically,  it  is  likely  that  for  many  high  skill 
occupations,  career  personnel  are  underutilized  and  (hat  for  many  low  skill  occupa¬ 
tions  first  term  personnel  are  underutilized.  In  general,  however,  this  research 
indicates  that  the  Air  Force  enlisted  force  as  currently  constituted  represents  a 
reasonably  cost  effective  distribution  of  personnel  in  terms  of  first  term  and  career 
inputs.  However,  when  the  results  of  this  research  are  compared  with  the  stated 
Air  Force  enlisted  goals,  substantial  differences  appear. 

Table  16  represents  a  comparison  of  the  implied  efficient  distributions  of  first 
term  and  career  personnel  from  this  analysis  and  the  current  goals  for  force  distri¬ 
bution  set  by  the  Air  Force  represented  by  the  currently  stated  force  "objectives." 
(n  this  case  the  differences  are  striking.  Overall,  the  implied  efficient  distribution 
indicates  about  a  51  percent  proportion  of  first  term  personnel,  whereas  the  objec¬ 
tive  force  goal  is  for  an  overall  proportion  of  almost  67  percent  for  t  hese  occupa¬ 
tions.  Furthermore,  although  the  general  tendency  of  the  objective  distributions  is 
consistent  with  that  of  the  implied  efficient  ones — namely,  that  higher  skill  occupa¬ 
tions  are  indicated  to  have  a  less  predominantly  junior  force  than  lower  skill 
occupations  do — the  magnitudes  of  the  differences  and  the  absolute  proportions  are 
substantial.  For  example,  in  none  of  the  occupational  groupings  in  the  objective 
force  does  less  than  56  percent  of  the  force  consist  of  first  term  personnel.  In  the 
implied  efficient  context  over  half  the  cases  indicated  a  less  than  50  percent  propor¬ 
tion  of  first  term  personnel.  What  is  more  important  is  to  consider  that  the  total 
force  size  is  held  relatively  constant  across  both  force  structures.  The  implied 
efficient  force  which  tends  to  indicate  a  maintenance  of  the  current  force  size  (i.e„ 
close  to  500,000  enlisted  personnel)  is  almost  identical  to  the  force  size  reflected  in 
the  objective  force  structure,  again  close  to  500,000  enlisted  personnel.  Without 
regard  to  cost  effectiveness,  the  productivity  analysis  indicates  that  moving  from 
a  50/50  mix  to  a  67/33  mix  cannot  be  achieved  if  effectiveness  levels  are  to  be 
maintained  without  an  overall  increase  in  the  force  size.  Apparently  the  objectives 
set  by  the  Air  Force  are  not  a  cost  minimizing  force  structure,  and  the  objective 
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force  may  entail  actual  reductions  in  overall  effectiveness  levels.  This  suggests  that 
from  a  policy  perspective,  the  problem  is  not  so  much  with  the  current  distribution 
of  personnel,  but  with  the  stated  objectives  for  force  distribution  which  the  Air 
Force  seeks  to  achieve.  This  analysis  indicates  that  the  currently  planned  redistri¬ 
bution  of  personnel  toward  the  stated  objectives  may  not  be  cost  effective  and  that 
these  objectives  may  actually  entail  reductions  in  total  force  capability. 

In  summary ,  this  section  has  indicated  the  importance  of  productivity  consider¬ 
ations  for  the  development  of  estimates  of  cost  effective  mixes  of  first  term  and 
career  personnel.  To  this  end,  two  simple  models  were  developed,  each  of  which 
served  to  integrate  the  productivity  findings  of  the  previous  section  with  various 
cost  and  supply  considerations  relevant  to  the  military  labor  context.  Although  the 
specific  cost  estimates  and  supply  assumptions  reflect  accurate  and  reasonable 
representations  of  that  environment,  the  specific  results  of  the  analysis  are  not 
intended  as  specific  point  estimates  of  optimal  first  term  and  career  mixes,  but 
rather  as  feasible  spaces  of  force  distribution  consistent  with  general  notions  of  cost 
effectiveness.  The  general  findings  of  the  analysis  indicate  that  the  current  distribu¬ 
tion  of  first  term  and  career  personnel  in  the  Air  Force,  in  the  aggregate,  is  consis¬ 
tent  with  distributions  that  are  cost  effective.  With  respect  to  specific  occupations 
the  findings  indicate  that,  in  general,  low  skill  occupations  tend  to  underutilize  first 
term  labor  and  that  high  skill  occupations  tend  to  underutilize  career  labor.  Fur¬ 
thermore.  it  is  noted  that  the  reenlistment  bonus  is  not  used  cost  effectively  in  the 
sample  of  occupations  included  in  the  study,  specifically  that  for  this  sample  of 
occupations  more  bonuses  are  indicated  especially  in  high  skill  occupations.  Final¬ 
ly,  a  comparison  of  the  implied  efficient  distributions  with  the  objective  distribu¬ 
tions  set  by  the  Air  Force  suggests  that  the  objectives  are  substantially  overrepre¬ 
sented  by  first  term  personnel.  The  results  of  the  productivity  analysis  demonstrate 
that  attainment  of  the  objective  force  cannot  be  achieved  without  substantial  in¬ 
creases  in  overall  force  size  if  effectiveness  is  to  remain  constant. 


VII.  CONCLUSIONS,  EXTENSIONS,  AND  POLICY 
RECOMMENDATIONS 


Although  the  theoretical  relationships  between  labor  cost  and  productivity  in 
the  context  of  economic  efficiency  have  long  been  understood,  the  difficult  problem 
of  actually  measuring  and  evaluating  the  contribution  of  specific  labor  categories 
to  the  production  of  military  effectiveness  has  received  relatively  little  attention. 
As  a  result,  economically  efficient  allocations  of  manpow  er  resources  have  neither 
been  rigorously  determined  nor  even  approximated  with  much  confidence. 

One  of  the  most  important  dimensions  of  this  complex  allocation  problem  is  the 
distribution  of  enlisted  personnel  by  length  of  service,  summarized  by  the  mix  of 
first  term  and  career  personnel.  The  specific  objective  of  this  research  has  been  to 
provide  empirical  estimates  of  the  substitution  potential  between  first  term  and 
career  personnel  for  a  sample  of  Air  Force  occupational  specialties.  The  importance 
of  these  estimates  for  the  overall  allocation  p-obl  has  been  demonstrated  by 
optimization  analyses  conducted  for  each  c  >ations  in  the  sample.  Al¬ 
though  the  particular  cost  and  supply  ass  .plicit  in  the  optimization 

model  are  reasonable,  the  results  of  the  analysis  art-  „ot  intended  as  definitive  point 
estimates  of  optimal  first  term  and  career  mixes.  Rather  they  are  reflections  of  the 
feasible  spaces  of  force  distribution  consistent  with  the  general  criteria  of  cost 
effectiveness. 

Thus,  the  conclusions  of  the  research  do  not  suggest  nor  are  they  intended  to 
suggest  extensive  policy  changes,  although  important  findings  with  policy  rele¬ 
vance  can  be  derived  from  the  research.  They  relate  to  (1)  the  general  problem  of 
measuring  and  evaluating  the  productivity  of  labor  in  the  military  (non-market) 
environment;  (2)  the  problem  of  determining  economically  efficient  allocations  of 
manpower  resources  given  specific  information  regarding  productivity;  and  (3)  the 
specific  problem  of  estimating  economically  efficient  distributions  of  manpower 
resources  given  the  supply  and  demand  conditions  of  the  sample  of  occupations 
included  in  the  study. 


LABOR  PRODUCTIVITY  IN  THE  MILITARY  ENVIRONMENT 

The  findings  indicate  that  the  potential  for  substitution  between  first  term  and 
career  labor  within  particular  occupations  is  significant  but  not  unlimited.  That  is 
to  say,  we  have  found  that  the  elasticity  of  substitution  between  first  term  and 
career  personnel  within  particular  occupations  is  neither  zero,  indicating  no  substi¬ 
tution  potential,  nor  infinite,  indicating  an  unlimited  substitution  potential.  We 
have  found  that  productivity  is  positively  related  to  experience  and  that  both  the 
substitution  potential  and  the  relative  productivity  of  experience  categories  are 
related  to  occupational  skill  level.  Specifically,  we  have  found  that  more  technically 
demanding  occupations  tend  to  be  associated  with  both  higher  marginal  rates  of 
substitution  between  first  term  and  career  labor,  reflecting  the  length  of  time 
required  to  become  job  skill  proficient  and  lower  elasticities  of  substitution,  indicat¬ 
ing  rigidity  in  the  requirement  for  high  experience  personnel. 
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With  respect  to  the  measurement  oflabor  productivity  in  the  military  environ¬ 
ment  we  have  found  that  estimates  of  military  labor  productivity  derived  from  a 
supervisor’s  subjective  assessments  can  be  useful  and  accurate  measures  when 
designed,  administered,  and  analyzed  with  care  and  planning.  Given  the  advan¬ 
tages  of  cost  and  potential  sample  size,  the  survey  approach  of  estimating  the 
productivity  of  various  military  labor  categories  may,  in  fact,  be  the  best  method 
of  providing  these  measures  for  the  purpose  of  policy  planning. 

Finally,  we  conclude  that  the  constant  elasticity  of  substitution  formulation  of 
the  military  labor  aggregation  function  is  a  useful  reflection  of’ production  reality. 
Specifically  we  have  found  that  the  CES  formulation  is  superior  to  either  of  the  two 
most  commonly  used  formulations,  the  linear  aggregation  function  and  the  Cobb- 
Douglas  formulation. 

It  should  be  kept  in  mind  that  the  specific  results  presented  here  apply  exclu¬ 
sively  to  the  sample  of  occupations  included  in  the  Enlisted  Utilization  Survey  data 
base,  which  were  selected  on  the  basis  of  their  size  and  representativeness  in  terms 
of  overall  skill  distributions.  Because  of  the  selection  criteria  of  large  overall  size 
and  large  individual  work  units,  the  estimates  of  substitution  potential  derived  for 
this  specific  sample  of  occupations  are  likely  to  be  both  technically  and  mission 
feasible.  For  example,  the  frequency  distributions  of  first  current  term/career 
mixes  within  specific  work  units  presented  in  Section  II  for  several  of  the  occupa¬ 
tions  in  the  sample  indicate  that  a  high  enough  variation  exists  in  first  term/career 
mixes  across  the  large  work  units  to  make  substitutions  that  are  technically  feasi¬ 
ble  and  practical  in  the  context  of  mission  requirements.  Clearly,  an  important 
extension  of  the  research  would  be  to  explore  the  kinds  of  productivity  relation¬ 
ships  contained  in  this  research  for  occupational  specialties  which  may  not  be 
either  as  large,  in  general,  or  as  large  in  terms  of  unit  composition  as  the  occupa¬ 
tions  included  in  this  sample.  In  these  cases  the  relationship  between  economically 
desirable  substitutions  and  substitutions  that  are  practical  in  the  overall  mission 
context  can  be  explored.  This  relationship  is  likely  to  be  important  in  the  Army  and 
Navy  where  mission  requirements  in  terms  of  work  unit  size  entail  a  great  deal 
more  decentralization  than  in  the  Air  Force. 

With  respect  to  the  productivity  analysis  itself,  the  most  promising  extensions 
of  this  research  would  be  ones  that  explore  other  important  elements  of  overall 
efficient  distributions  of  enlisted  manpower  resources.  Such  extensions  might  in¬ 
clude  analyses  of  marginal  rates  and  elasticities  of  substitution  between  other 
categories  oflabor  such  as  those  disaggregated  by  mental  category,  previous  work, 
or  educational  experience.  The  approach  adopted  here  might  be  extended  to  deter¬ 
mining  cross  elasticities  of  substitution  among  occupational  specialties  for  the 
purpose  of  aiding  manpower  planners  in  the  design  of  relevant  occupational  group¬ 
ings  and  the  design  of  training  courses  for  those  occupations.  Cross  elasticities  of 
substitution  for  various  occupations  summarize  the  substitution  potential  of  per¬ 
sonnel  in  one  occupation  for  another.  Thus,  the  greater  the  potential  for  substitut¬ 
ing  one  type  of  personnel  for  another  (i.e.,  the  greater  the  homogeneity  of  the  two 
labor  types)  the  more  reasonable  it  would  be  to  combine  the  two  types  oflabor  into 
a  single  category.  Furthermore,  analysis  of  this  kind  could  serve  to  identify 
asymmetries  in  cross  elasticities  of  substitution  where  substitution  may  be  rela¬ 
tively  easy  in  one  direction,  say  from  a  more  technical  to  a  less  technical  field,  and 
quite  difficult  in  the  opposite  direction.  Such  analysis  would  aid  in  the  determine- 
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tion  of  force  readiness  and  surge  capacities  in  time  of  war,  by  indicating  the  ability 
of  a  given  force  to  meet  the  immediate  requirements  of  crisis  or  conflict. 

The  policy  recommendations  that  follow  from  the  productivity  analysis  concern 
an  expansion  of  current  service  capabilities  for  determining  production  alterna¬ 
tives  either  by  exploring  technically  feasible  combinations  experimentally  or  by 
using  current  variations  in  production  to  indicate  feasible  alternatives.  This  capa¬ 
bility  could  be  expanded  either  (1)  by  research  initiatives  or  (2)  by  giving  the 
requirements  determination  organizations  a  larger  role  in  the  services  which 
would  include  (a)  determining  manning  levels  and  manhour  requirements  by  occu¬ 
pation  or  mission  as  well  as  (b)  determining  production  alternatives  at  different 
overall  manning  levels  and  different  manhour  requirements.  In  many  regards  the 
latter  is  preferable  to  the  former  inasmuch  as  organizations  currently  tasked  with 
manpower  rquirements  determination  are  likely  to  be  better  able  to  combine  the 
criteria  of  technical  feasibility  and  mission  constraints.  The  key.  however,  is  the 
creation  of  proper  incentives  and  the  provision  of  necessary  resources  for  these 
organizations  to  take  on  the  expanded  rote.  Without  proper  guidance  and  incen¬ 
tives,  it  is  likely  that  either  no  new  information  or  incomplete  information  would 
be  generated.  In  sum,  more  information  regarding  production  and  labor  productiv¬ 
ity  is  required.  This  research  has  demonstrated  one  method  of  measuring  and 
evaluating  labor  productivity  in  the  military  context  and  thus  indicates  the  poten¬ 
tial  for  obtaining  accurate  and  useful  demand-related  information  within  reason¬ 
able  cost  and  analytic  bounds. 


THE  ECONOMICALLY  EFFICIENT  DISTRIBUTION  OF 
MANPOWER  RESOURCES  BY  LENGTH  OF  SERVICE 

The  significance  and  utility  of  the  productivity  estimates  presented  in  this 
research  have  been  demonstrated  in  the  context  of  optimization  analyses  conduct¬ 
ed  foi  each  of  the  occupations  in  the  sample.  The  findings  of  the  optimization 
analyses  indicate  that  for  the  sample  of  occupations  included  in  the  study,  the 
current  overall  mix  of  first  term  and  career  personnel  falls  within  the  range  that 
would  be  selected  on  the  basis  of  economic  efficiency.  However,  although  the  distri¬ 
bution  of  personnel  for  the  sample  of  specialties  taken  in  t  he  aggregate  is  consistent 
with  cost  effectiveness  considerations,  the  distributions  within  specific  occupations 
are  not.  Specifically,  the  results  of  the  optimization  analysis  indicate  that,  in  gen¬ 
eral.  higher  skill  occupations  tend  to  overutilize  firs',  term  labor  inputs  and  lower 
skill  occupations  tend  to  underutilize  first  term  inputs. 

The  differences  between  the  current  distributions  within  the  set  of  occupations 
included  in  the  study  and  the  implied  efficient  distributions  have  important  cost 
consequences.  The  results  of  this  analysis  indicate  that  a  redistribution  of  existing 
first  term  and  career  resources  within  the  set  of  occupations  analyzed  would  be 
associated  with  almost  a  $20  million  cost  savings  and  no  loss  in  overall  effective¬ 
ness.  If  these  results  were  generalizable  to  all  occupations  in  the  Air  Force,  savings 
might  exceed  $100  million,  and  this  with  less  than  a  1  percent  change  in  overall  end 
strengths  and  less  than  a  2.5  percent  increase  in  the  career  force.  The  important 
conclusion  to  be  drawn  from  this  is  that  aggregate  estimates  of  efficient  distribu¬ 
tions  of  manpower  resources  must  derive  from  the  particular  supply  and  demand 
conditions  of  the  separate  occupations  subgroups,  since  distributions  which  appear 
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to  be  consistent  with  cost  effectiveness  criteria  at  the  aggregate  level — but  are  not 
at  the  occupational  level — are  not  cost  effective. 

Unlike  the  comparison  between  the  current  distribution  and  the  implied  effi¬ 
cient  distribution,  the  comparison  between  (1)  the  implied  efficient  distribution  of 
enlisted  personnel  by  occupation  and  (2)  the  objective  force  distribution  by  occupa¬ 
tion  set  by  the  Air  Force  as  force  structure  goals,  reveals  substantial  differences. 
In  the  aggregate  the  objective  force  structure  for  the  set  of  occupations  in  the 
sample  consists  of  67  percent  first  term  personnel  and  33  percent  career  personnel. 
The  implied  efficient  distributions  in  the  aggregate  indicate  a  slightly  less  than  50 
percent  first  term  force.  Holding  cost  considerations  aside,  the  fact  that  the  objec¬ 
tive  force  end  strength  is  approximately  equal  to  the  current  strength  suggests  that 
the  attainment  of  objective  force  goals  would  be  associated  with  a  substantial 
reduction  in  overall  effectiveness.  That  is  to  say.  on  the  basis  of  this  analysis,  there 
is  reason  to  believe  that  the  objective  force  structure  proposed  by  the  Air  Force  may 
not  be  technically  feasible  at  current  effectiveness  levels.  Thus,  whatever  cost 
savings  might  be  associated  with  moving  to  the  objective  force  will  be  offset  by 
reductions  in  actual  capabilities.  The  findings  presented  here  indicate  that  the 
realization  of  substantial  cost  savings  need  not  entail  a  loss  in  effectiveness;  how¬ 
ever,  these  savings  must  derive  from  force  structures  determined  by  an  analysis 
of  both  cost  and  productivity. 

To  reiterate,  the  findings  presented  here  are  not  definitive;  they  do  not  repre¬ 
sent  actual  optimal  distributions  of  first  term  and  career  personnel.  In  order  for 
such  results  to  be  developed  additional  research  is  required.  Probably  the  most 
urgently  required  are  analyses  of  the  supply  of  enlistments  and  reenlistments. 
Although  much  research  has  already  been  conducted  with  respect  to  this  difficult 
problem,  additional  work  is  necessary  to  more  accurately  reflect  supply  behavior 
in  the  military  context,  in  terms  of  specifying  technical  supply  relationships  (i.e., 
the  elasticities  of  supply  with  respect  to  wage)  disaggregated  by  occupational 
groupings,  and  the  potential  for  increased  supply  attributable  to  expanding  pools 
of  eligibility  and  more  aggressive  pursuit  of  cross  training  alternatives. 

Furthermore,  additional  research  is  required  with  respect  to  the  impact  of 
changes  in  grade  structure  and  promotion  opportunity  on  retention  rates.  Although 
reduced  promotion  opportunity  will  probably  be  associated  with  some  decline  in 
reenlistments,  the  magnitudes  of  such  changes  are  largely  unknown.  In  short,  the 
results  of  this  research  indicate  that  among  cost  considerations  none  is  more  impor¬ 
tant  and  more  poorly  understood  than  the  costs  of  military  labor  supply  at  the 
enlistment  and  the  first  reenlistment  point. 

For  the  purposes  of  this  analysis  we  have  taken  important  elements  of  the 
current  retirement  and  training  programs  as  given  and  fixed.  Changes  in  either  the 
retirement  program  or  in  the  mix  of  formal  and  on-the-job  training  would  clearly 
have  important  implications  for  the  findings  of  the  research.  For  example,  moving 
to  a  more  senior  force  would  have  the  effect,  all  other  things  being  equal,  of  raising 
the  level  of  first  term  productivity  relative  to  career  productivity.  It  would  also 
change  the  desirability  of  alternative  training  strategies.  Increasing  the  level  of 
first  term  performance  might  well  induce  reductions  in  the  amount  of  formal  train¬ 
ing  and  increases  in  the  use  of  on-the-job  training.  The  net  effect  of  these  changes 
might  be  to  reduce  first  term  training  costs;  hence  first  term  relative  productivity 
would  rise  and  the  cost  of  first  term  personnel  might  drop. 
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From  a  policy  perspective  the  findings  of  the  optimization  analysis  indicate  that 
the  current  mix  of  first  term  and  career  personnel  in  the  Air  Force  enlisted  force 
is  close  to  the  mix  one  would  have  selected  on  the  basis  of  cost  effectiveness  criteria 
alone.  This  suggests  that  the  Air  Force  should  be  encouraged  to  maintain  the 
current  force  structure  in  the  aggregate.  With  respect  to  the  specific  allocations 
within  occupational  specialties,  however,  the  findings  indicate  that  a  redistribution 
of  manpower  resources  toward  a  more  senior  force  in  high  skill  occupations  and 
toward  a  more  junior  force  in  lower  skill  occupations  would  be  cost  effective,  despite 
the  fact  that  reenlistment  bonuses  may  be  required  to  retain  additional  career 
personnel  in  high  skill  occupations.  More  importantly,  the  objective  force  structure 
for  the  Air  Force  varies  substantially  from  what  appears  to  be  the  economically 
efficient  distribution  of  enlisted  personnel  by  length  of  service  with  the  consequence 
that  overall  effectiveness  may  decline.  Such  objective  structures  should  be  reeval¬ 
uated  in  the  light  of  the  findings  presented  here  in  terms  of  introducing  additional 
productivity  considerations  into  the  force  planning  process. 


THE  ROLE  OF  OSD  IN  FORCE  STRUCTURE  PLANNING 

The  complex  problem  of  determining  the  distribution  of  enlisted  personnel  by 
length  of  service  is  one  of  the  more  important  policy  decisions  the  services  face. 
This  problem  affects  such  important  policy  issues  as  procurement,  attrition,  reten¬ 
tion,  grade  structure,  and  retirement.  Our  research  has  focused  on  a  part  of  the 
policy  problem — the  economically  efficient  allocation  of  manpower  resources — and 
in  particular  on  the  role  of  labor  productivity  measurement  and  analysis  in  the 
determination  of  economically  efficient  allocations.  OSD  will  determine  the  impor¬ 
tance  of  economic  efficiency  in  the  context  of  such  other  important  issues  as  mobili¬ 
zation,  readiness,  and  reserve  policies — all  of  which  are  related  to  the  issue  of  force 
distributions  by  length  of  service.  In  this  regard  the  role  of  OSD  in  the  determina¬ 
tion  process  is  one  of  providing  guidance  and  incentives  to  each  of  the  services  for 
making  economically  efficient  allocations  of  manpower  resources.  OSD  cannot 
make  such  determinations  for  the  services  nor  should  it  adopt  that  position.  What 
can  be  done,  however,  is  to  demonstrate  general  approaches  and  methodologies  to 
the  service  in  answer  to  important  resource  allocation  questions  and  to  pursue  the 
guidance  with  specific  incentives  for  expanding  current  capabilities.  For  example, 
the  recent  consolidation  of  the  Personnel  and  Manpower  directorates  in  the  Air 
Force  is  a  promising  sign  for  the  efficient  allocation  of  manpower  resources,  since 
the  sources  of  supply  and  demand  information  will  now  be  integrated  organization¬ 
ally.  However,  such  reorganization  unaccompanied  by  specific  incentives  to  pro¬ 
vide  integrated  supply  and  demand  information  with  the  express  purpose  of  gener¬ 
ating  economically  efficient  allocations  of  manpower  resources  will  likely  entail 
little  or  no  change  in  the  current  decisionmaking  process. 

It  is,  then,  within  OSD’s  role  to  provide  the  services  with  adequate  guidance 
in  making  manpower  allocations  consistent  with  the  goals  and  objectives  deter¬ 
mined  for  the  force  as  a  whole,  including  the  objective  of  making  allocations  of 
manpower  resources  that  are  economically  efficient.  To  the  extent  that  this  particu¬ 
lar  objective  plays  a  role  in  overall  defense  policy  objectives,  incentives  to  expand 
capability  for  making  economically  efficient  allocations  of  manpower  resources 
should  also  be  provided. 


Appendix  A 

BACKGROUND  AND  DESCRIPTION  OF  THE 
ENLISTED  UTILIZATION  SURVEY 


The  research  for  which  the  Enlisted  Utilization  Survey  data  base  was  gener¬ 
ated  centered  on  an  assessment  of  the  efficient  amount  of  technical  training  for 
specific  military  occupational  specialties.1  The  specific  approach  adopted  involved 
estimating  the  costs  of  formal  training  (faculty  and  student  salaries,  supplies,  etc.) 
and  its  benefits  (i.e.,  improvements  in  trainees’  on-the-job  performance)  in  order  to 
determine  the  effects  of  training  variations  on  net  training  costs. 

Several  features  of  the  specific  analysis  plan  had  major  implications  for  the 
exact  method  of  data  collection.  One  was  the  necessity  to  construct  productivity 
profiles  for  an  individual’s  entire  first  term  of  service  after  completion  of  initial 
specialty  training  since  it  was  assumed  that  differences  in  training  would  manifest 
themselves  in  terns  of  enhanced  on-the-job  performance,  and  that  these  differences 
would  persist  over  time.  The  estimates  of  productivity  for  individuals  exposed  to 
different  lengths  of  training  needed  to  relate  to  an  individual’s  entire  first  term 
experience  For  individuals  who  were  serving  at  their  first  duty  station,  supervisors 
were  asked  to  estimate  what  the  individual’s  productivity  was  when  he  first  joined 
the  unit  and  what  it  was  expected  to  be  in  the  future.  However,  if  the  individual 
had  served  at  other  duty  stations  before  arriving  at  his  current  unit,  it  was  only- 
possible  to  construct  a  complete  profile  by  tracking  down  and  surveying  supervisors 
at  the  prior  duty  stations.  Since  that  would  have  been  expensive  and  time  consum¬ 
ing,  and  success  was  quite  uncertain,  the  only  feasible  method  of  constructing 
complete  profiles  was  to  limit  the  sample  of  individuals  to  persons  who  were  cur¬ 
rently  serving  at  their  first  duty  station. 

It  also  seemed  important  to  obtain  ratings  for  specific  individuals.  These  pro¬ 
vided  a  basis  for  controlling  for  personal  characteristics  and  thus  a  great  deal  of 
analytic  flexibility  in  terms  of  empirically  determining  relevant  categories  of  labor 
based  on  differences  in  experience.  Moreover,  estimates  of  the  typical  trainee  do 
not  necessarily  reflect  the  productivity  of  the  average  trainee.  Therefore,  although 
we  do  feel  it  is  useful  to  have  estimates  for  the  typical  trainee,  this  research 
concentrated  on  estimating  productivity  for  specific  individuals. 

Because  of  the  size  and  scope  of  the  planned  research  data  it  was  not  feasible 
to  collect  data  through  in-person  interviews.  The  research  was  limited  to  data 
available  in  the  service  personnel  files  or  that  could  be  collected  through  mail 
surveys.  The  need  to  obtain  ratings  on  specific  individuals  and  the  limitation  of  data 
retrieval,  along  with  the  fact  that  there  is  generally  little  formal  information  on  the 
supervisor-trainee  relationship  included  in  the  personnel  files,  dictated  the  design 
of  the  data  collection  plan. 

This  design  involved  four  major  steps.  First,  a  set  of  specialties  to  be  included 
in  the  study  was  selected.  Second,  using  service  personnel  files,  a  set  of  individuals 
were  identified  who  appeared  to  be  in  their  first  term  of  service  and  serving  at  their 

'  For  a  basic  outline  of  the  research  program  see  Albrecht  and  Gay  (1977). 
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first  duty  station.  Third,  these  persons  were  sent  a  mail  survey  designed  with  three 
basic  objectives:  (1)  identification  of  the  trainee’s  primary  supervisors,  (2)  verifica¬ 
tion  of  nis  suitability  for  inclusion  in  the  study,  and  (3)  collection  of  background 
information  not  included  in  the  service  record.  Although  the  second  and  third 
objectives  were  important,  the  key  element  of  the  initial  survey  was  the  identifica¬ 
tion  of  the  individual’s  supervisors.  Responses  from  the  survey  of  trainees  were 
used  to  construct  a  mailing  list  and  survey  forms  for  surveying  supervisors  to  elicit 
ratings  of  the  individuals  responding  to  the  trainee  questionnaire. 

Compilation  of  the  mailing  list  involved  rearranging  information  provided  by 
responding  trainees.  Specifically,  for  each  military  unit  containing  responding 
trainees,  a  list  was  made  containing  the  names  of  each  supervisor  identified  by  a 
responding  trainee  and  the  names  of  all  trainees  who  identified  this  individual  as 
one  of  their  supervisors.  A  copy  of  the  supervisor  survey  form  was  then  compiled 
for  each  supervisor  including  rating  sheets  for  each  of  the  specific  individuals  who 
named  this  supervisor  as  his  own.  Thus,  the  supervisor  survey  instrument's  length 
varied  depending  on  the  number  of  trainees  under  his  supervision. 

The  specific  form  of  the  supervisor  survey  contained  three  parts:  (1)  questions 
about  the  general  conduct  of  on-the-job  training  in  the  unit  and  an  explanation  of 
the  concept  of  productivity  as  it  was  used  in  the  survey;  (2)  a  set  of  questions 
pertaining  to  the  utilization,  performance,  and  attitudes  of  specific  trainees  who 
had  identified  this  individual  as  one  of  his  supervisors;  (3)  a  section  in  which  the 
supervisor  was  asked  to  rate  the  "typical  trainee"  at  various  points  of  a  first  term 
of  service.  These  then  are  the  basic  mechanics  of  the  Enlisted  Utilization  Survey. 
At  this  point  it  will  be  useful  to  go  into  more  detail  regarding  the  sample  in  terms 
of  the  selection  of  occupational  specialties,  the  characteristics  of  the  trainee  and 
supervisory  surveys,  and  the  specific  form  of  the  measure  of  productivity  utilized 
in  this  research.  It  should  be  mentioned  that  the  following  discussion  applies  equally 
to  the  samples  from  the  Army,  Navy,  and  Air  Force  included  in  the  survey,  but  for 
the  purposes  of  the  actual  productivity  analysis  we  will  restrict  our  consideration 
of  the  data  base  to  the  set  of  Air  Force  occupational  specialties  included  in  the 
sample. 


SELECTION  OF  SPECIALTIES 

The  selection  of  specialties  for  inclusion  in  the  on-the-job  training  study  was. 
of  course,  one  of  the  very  important  aspects  of  the  research  effort.  Four  criteria 
were  used  in  determining  the  specialties  to  include  in  the  study:  (1)  variations  in 
the  amount  of  training,  (2)  a  large  total  cost  of  training,  (31  a  large  number  of 
potential  cases  for  analysis,  and  (4)  representation  of  the  entire  range  of  military 
occupational  skills. 

For  the  purposes  of  the  on-the-job  training  study,  the  most  important  consider¬ 
ation  in  selecting  specialties  was  that  a  potential  for  analyzing  the  effects  of  differ¬ 
ent  amounts  of  initial  specialty  training  exist.  In  this  regard  three  types  of  training 
variation  are  represented  in  the  sample:  (1)  variations  within  a  service,  for  example 
the  category  'B'  specialties  in  the  Air  Force  where  some  trainees  receive  formal 
training  in  an  occupation  while  others  receive  only  on-the-job  training,  (2)  intertem¬ 
poral  changes  in  the  length  of  specialty  training  within  a  service,  and  (3)  differences 
in  training  practices  among  the  services. 


TOTAL  TRAINING  COST 


Another  important  consideration  in  selecting  specialties  was  the  total  annual 
cost  of  initial  specialty  training.  The  intention  was  to  focus  on  those  specialties 
where  potential  savings  from  improving  the  economic  efficiency  of  training  were 
greatest,  and  hence,  those  were  likely  to  be  specialties  in  which  current  outlays  for 
training  are  greatest.  Annual  outlay  for  initial  specialty  training  can  be  large  either 
because  the  cost  per  trainee  is  relatively  great  or  because  large  numbers  of  in¬ 
dividuals  are  trained  each  year.  It  was,  however,  much  easier  to  identify  potential 
cases  for  the  study  in  the  latter  category  than  in  the  former. 


POTENTIAL  SAMPLE  SIZE 

The  third  criterion  that  was  employed  in  selecting  specialties  in  the  training 
study,  potential  sample  size,  was  an  important  consideration  for  a  number  of  rea¬ 
sons,  since  several  aspects  of  the  study  design  resulted  in  the  need  for  sample  sizes 
within  each  specialty  that  might,  at  first  glance,  seem  quite  large.  These  were 
related  either  to  the  planned  method  of  analysis  or  the  way  in  which  data  were  to 
be  collected.  As  previously  noted,  these  plans  called  for  constructing  productivity 
profiles  for  specific  individuals  over  their  entire  first  term  of  service,  and  this 
required  that  the  sample  be  composed  of  first  term  enlisted  personnel  serving  at 
their  first  duty  station.  However,  available  data  bases  (i.e.  service  personnel 
records)  do  not  provide  information  on  the  number  of  previous  duty  assignments. 
Therefore,  our  sample  sizes  had  to  allow  for  the  fact  that  some  fraction  of  the  cases 
collected  would  be  unusable  because  the  data  would  pertain  to  individuals  not 
serving  at  their  first  duty  station.  (Trainees  were  asked  on  the  trainee  survey 
whether  they  were  serving  at  their  first  duty  station  and  if  not,  how  long  they  had 
served  at  other  duty  stations.)  Moreover,  the  fraction  of  cases  lost  in  this  way  could 
not  be  reliably  estimated  in  advance.  The  other  way  in  w  hich  planned  methods  of 
analysis  affect  the  sample  size  involved  controlling  for  differences  among  super¬ 
visors  in  the  way  in  which  they  rate  individuals.  A  pilot  study  and  subsequent 
research  indicated  that  controlling  for  such  differences  was  very  important  and. 
further,  that  one  effective  way  of  doing  so  was  to  use  a  set  of  ratings  from  each 
supervisor  to  estimate  simultaneously  the  supervisor’s  rating  system  and  the 
effects  of  personal  attributes  on  performance.  Because  two  degrees  of  freedom  are 
used  in  estimating  each  supervisory  rating  system,  an  effective  sample  of  100  cases 
may  require  as  many  as  300  useful  ratings.2 

The  method  of  data  collection  also  imposed  constraints  on  the  sample  size.  As 
previously  noted,  the  data  collection  procedures  involved  a  pair  of  sequential  sur¬ 
veys — one  to  trainees,  the  other  to  their  supervisors.  It  was  obvious  from  the  nature 

2  In  addition  to  imposing  limitations  on  total  sample  size,  this  constraint  resulted  in  the  exclusion 
of  some  specialties  in  which  there  were  large  numbers  of  individuals  hut  they  were  distributed  across 
a  very  large  number  of  units  ''Uch  that  the  probability  of  finding  a  sufficient  number  of  cases  where 
supervisors  rated  three  or  more  trainees  (a  necessary  condition  for  using  the  Cooper-Nelson 
(1976,  p.  13)  methodology)  was  deemed  to  be  too  low  to  justify  inclusion.  However,  substan¬ 
tial  fieldwork  indicated  that  when  work  units  are  small  there  tends  to  be  an  unusually  high 
amount  of  heterogeneity  in  job  tasks  within  the  specialty,  in  which  case  it  would  probably  not 
be  wise  to  include  the  specialty  for  this  reason  alone.  The  most  important  exclusion  on  these 
grounds  was  that  of  clerical  personnel  m  each  of  the  services. 
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of'  this  process  that  the  number  of  usable  productivity  ratings  would  be  affected  by 
several  factors  that  could  only  be  roughly  estimated  at  the  time  the  research  was 
planned.  These  included  (1)  the  number  of  trainees  responding  to  the  first  survey, 
(2)  the  average  number  of  supervisors  named  by  responding  trainees,  and  (3i  the 
number  of  supervisors  responding  to  the  supervisor  survey.  The  number  of  re¬ 
sponding  trainees  and  supervisors  is  dependent  on  both  the  response  rate  among 
individuals  actually  receiving  questionnaires,  and  imperfections  in  the  ways 
trainees  i  ‘iitified  supervisors  (i.e.,  misspelling,  incorrect  first  names,  incorrect 
ranks,  etc.)  were  difficult  to  estimate  in  advance.  Since  an  unexpectedly  poor  result 
at  any  of  the  three  stages  mentioned  above  could  render  a  sample  too  small  to  be 
useful,  these  considerations  led  to  the  adoption  of  a  conservative  approach  for 
evaluating  potential  sample  sizes. 


REPRESENTATION  OF  THE  ENTIRE  SERVICE 

In  addition  to  the  previously  mentioned  criteria  that  apply  to  individual  special¬ 
ties.  there  was  concern  that,  to  the  extent  possible,  the  set  of  selected  specialties 
should  provide  a  representative  picture  of  the  entire  service.  There  are  two  aspects 
of  this  concern.  First,  there  was  a  desire  with  respect  to  the  training  study  that  the 
mix  of  selected  specialties  represent  the  entire  range  of  technical  difficulty  in  each 
service,  since  this  would  provide  a  basis  for  judging  the  pattern  of  cost  across  the 
full  range  of  occupations  and  hence  for  estimating  service-wide  levels  of  net  train¬ 
ing  costs. 

The  second  reason  for  concern  with  service-wide  representativeness  is  that 
there  are  certain  specialties  in  each  service  that  are  so  large  and  important  that 
they  must  be  included  in  the  sample  to  provide  a  comprehensive  picture  of  the 
service. 

In  addition,  there  were  extenuating  factors  that  were  responsible  for  the  inclu¬ 
sion  in  the  sample  of  certain  occupations — for  example,  the  integrated  avionics 
technicians  in  the  Air  Force  (AFSC's  326X0,  326X1  and  326X2).  These  are  recently 
established  specialties  in  which  the  Air  Force  has  had  substantial  difficulty  pro¬ 
viding  trained  manpower.  They  were  included  in  the  sample  at  least  in  part  to  take 
advantage  of  complementarities  between  this  research  and  a  separate  study  of  the 
326  career  field  being  conducted  at  Rand  under  Air  Force  sponsorship. 3 

Although  the  above-mentioned  criteria  for  selecting  specialties  were  construct¬ 
ed  largely  with  regard  to  the  requirements  of  the  training  study,  they  are,  in  fact, 
also  quite  reasonable  criteria  for  selecting  specialties  with  respect  to  an  analysis  of 
the  distribution  of  enlisted  personnel  by  length  of  service.  Assuming  that  a  data 
collection  plan  for  a  study  of  the  first  term/career  mix  would  be  subject  to  similar 
constraints  regarding  the  need  to  sample  occupational  specialties,  the  criteria  of 
training  cost,  large  potential  sample  size,  and  representativeness  of  the  entire 
service  would  be  a  reasonable  set  upon  w'hich  to  base  the  selection  of  specialt  ies  for 
such  an  analysis.  Training  cost  considerations  are  important  since  large  training 
costs  are  likely  to  be  associated  with  high  skill  occupations  and,  in  turn,  with 
occupations  which,  in  all  likelihood,  experience  difficulty  in  retaining  qualified 
specialists  beyond  a  first  term.  Considerations  of  potential  sample  size  provide,  at 


:l  See  Nelson,  Gay.  and  Roll  (1974) 
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least,  a  crude  discriminator  among  occupations  which,  although  large  in  terms  of 
total  numbers,  are  actually  present  in  the  field  in  small  detachments  for  which  the 
likely  consolidations  induced  by  a  smaller  more  senior  force  would  be  difficult  to 
achieve.  Finally,  considerations  of  representativeness  ensure  that  the  sample  will 
reflect  occupations  both  at  the  high  and  low  end  of  the  skill  spectrum  where  differ¬ 
ences  in  the  efficient  mixes  are  likely  to  be  most  apparent.  Thus,  although  these 
specific  criteria  were  designed  to  satisfy  the  requirements  of  the  training  study, 
they  also  provide  a  good  basis  for  selection  given  the  requirements  of  an  analysis 
of  efficient  experience  mixes. 


SAMPLE  OF  SPECIALTIES 

Table  A.l  presents  a  list  of  the  58  military  occupational  specialties  chosen  on 
the  basis  of  the  criteria  just  discussed.  In  Table  A.l  the  specialties  have  been 
grouped  by  our  view  of  the  technical  difficulty  of  the  job  tasks  into  high,  medium, 
and  low  skill  specialties.  This  grouping  is  not,  of  course,  essential  to  the  detailed 
analysis  to  be  undertaken  since  that  analysis  will  be  done  by  a  specialty-by-special- 
ty  basis,  but  it  is  helpful  both  in  forming  an  overall  view  of  the  set  of  specialties 
and  for  certain  very  broad  uses  of  the  data  set. 

Although  the  number  of  specialties  included  in  the  sample  is  relatively  small, 
it  represents  a  large  proportion  of  the  total  enlisted  force.  Members  of  the  58 
specialties  included  in  the  study  represent  about  34  percent  of  the  total  enlisted 
force  in  the  Army,  Navy,  and  Air  Force.  They  represent  24  percent  of  the  Army, 
55  percent  of  the  Navy,  and  25  percent  of  the  Air  Force.  The  reason  such  a  large 
percentage  of  the  total  force  is  contained  in  this  set  of  specialties  is,  of  course,  that 
the  selection  criteria  were  such  that  large  specialties  tended  to  be  selected. 

As  can  be  seen  from  Table  A.l,  the  range  of  specialties  included  in  the  sample 
is  quite  broad.  Occupations  in  the  sample  include  both  cooks  and  vehicle  operators, 
as  well  as  cryptographic  equipment  repairmen  and  nuclear  propulsion  plant  oper¬ 
ators.  This  range  of  specialties  provides  an  opportunity  to  assess  the  experience  mix 
issue  across  the  entire  occupational  spectrum  and,  thereby,  to  begin  to  address  the 
issue  on  a  force-wide  basis. 


Set  of  Specialties 


Appendix  B 

COMPREHENSIVE  TEST  IN  SURVEY  INSTRUMENT 
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Specifically,  each  supervisor  survey  included  the  foil  owing  section: 

The  following  questions  apply  to  individuals  whose  on-the-job  performance 
should  be  familiar  to  you.  One  of  the  thing*  we  would  like  you  to  do  is  to  rate  their 
net  contribution  to  unit  production.  Because  the  idea  of  net  contribution  to  unit 
production  is  complicated,  we  have  found  that  an  example  helps  people  understand 
what  we  mean. 

Suppose  an  experienced  specialist,  working  alone,  can  complete  10  jobs  a  day. 
If  a  trainee  is  assigned  to  work  w’ith  him,  the  trainee  will  contribute  to  unit  produc 
tion  by  completing  some  jobs  say,  2  jobs  per  day.  However,  because  the  specialist 
must  spend  time  supervising  and  instructing  the  trainee,  his  own  production  will 
drop.  For  example,  he  might  now  be  able  to  complete  only  5  jobs  a  day.  In  this 
case,  the  trainee's  Y/-.T  contribution  to  unit  production  is  negative  because  the  (wo 
people  together  are  now  completing  fewer  jobs  than  the  experienced  specialist  was 
able  to  complete  before  the  trainee  was  assigned  to  him.  However,  as  the  trainee 
gets  more  experienced,  the  combined  production  of  the  two  men  will  increase. 
When  they  are  able  to  produce  10  jobs  a  day,  working  together,  the  trainee’s  NET 
contribution  to  unit  production  will  be  zero,  because  the  two  men  working  to 
gether  will  be  completing  what  the  experienced  specialist  was  completing  before, 
working  alone  When  the  supervisor  and  the  trainee  working  together  can  complete 
more  than  10  jobs  a  day,  the  trainee’s  NET  contribution  to  unit  production  will 
be  positive. 


The  pictures  below  illustrate  another  example: 


The  experienced  cook  can  bake  15  pies  a  day  when  he  works  alone.  When  a  trainee  is  as¬ 
signed  to  work  with  him  the  cook  bakes  only  8  pies  a  day  and  the  trainee  bakes  3  pies  a  day 

1.  Would  you  say  that  the  trainee’s  NET  CONTRIBUTION  TO  UNIT  PRODUCTION  at  this 
time  is  :  (CHECK  ONE) 

(  )  1.  NEGATIVE 

(  )  2.  ZERO 


(  )  3.  POSITIVE 


In  llii'  following  questions  von  will  lie  ask-il  1»  estimate  individuals’  Xh'TCOX 
riilHVTIOK  TO  UNIT  I'KOIH’CTION.  VI,  ask  that  you  as.ua.,  -ad.  iiul.vulual  will 
M*rv«*  at  least  I  years  and  remain  in  this  shop  or  seel  ion. 

W-  realize  that  in  many  -as-s  ,1  wall  be  difficult  to  give  preeise  answers,  but  give 
•  he  best  estimates  you  ean 


Omv  initial  editing  criteria  were  imposed  on  the  responses,  over  85  percent  of 
the  Air  Force  respondents  correctly  answered  the  above  question. 


Appendix  C 
COST  ELEMENTS 


This  appendix  is  designed  to  provide  a  detailed  discussion  of  the  basic  costing 
methodology  presented  in  Section  V.  To  reiterate,  the  basic  costing  technique  is 
average  marginal  cost  for  enlisted  personnel  with  0-4  years  of  service  (first  term) 
and  ">  or  more  years  of  service  (career)  computed  as  an  average  value  over  each 
of  the  years  of  service.  The  specific  elements  of  cost  contained  in  these  estimates 
include  ( 1  the  basic  pay.  <2i  allowances  for  quarters  and  subsistence,  (3)  miscella¬ 
neous  cost  elements,  i.e..  medical  costs,  commissary  and  exchange  privileges  etc., 
(4)  training,  both  basic  and  advanced,  and  retirement.  Each  of  these  elements  is 
described  below 

Basic  Pay 

The  basic  pay  element  of  cost  estimated  for  each  year  of  service  reflects  the 
basic  pay  rates  s  of  October  1,  1977.  weighted  by  the  proportion  of  individuals 
serving  in  each  pay  grade  at  each  year  of  service  point.  | SOURCE:  OASD  (MRA&L) 
(MI’!>)| 

Allowance  for  Quarters  and  Subsistence 

The  allowance  cost  estimates  for  each  year  of  service  reflect  the  basic  allowance 
for  quarters  and  subsistence  as  of  October  1,  1977,  weighted  by  pay  grade  and 
dependency  status  within  each  year  of  service.  [SOURCE:  MRA&L  (MPP)| 

Support  Costs 

The  support  cost  element  reflects  estimates  of  the  per  man  cost  of  such  miscella¬ 
neous  and  overhead  costs  as  medical  costs,  commissary  and  exchange,  recrea¬ 
tion.  and  welfare  by  pay  grade.  These  values  by  grade  are  weighted  by  the  propor¬ 
tion  of  individuals  serving  in  each  pay  grade  at  each  year  of  service  point. 

I  SOI' RUE:  Aceruge  Cost  of  Military  and  Civilian  Manpower  in  the  Department 
of  Defense.  December  1977,  Office  of  the  Assistant  Secretary  of  Defense  (Comptrol¬ 
ler).! 

Retirement 

Retirement  costs  are  estimated  as  the  present  value  of  the  retirement  liability 
at  the  point  of  retirement  evaluated  at  an  8  percent  discount  rate  over  30  years  of 
post  service  benefit  and  weighted  by  the  distribut  ion  of  personnel  by  pay  grade  at 
the  point  of  retirement. 

Specifically,  an  annual  retirement  benefit  is  computed  as 

r 

R  =  1  BP/2  , 

i=l  1 


87 


88 

where  y,  reflects  the  proportion  of  individuals  in  the  ith  pay  grade  at  the  point  of 
retirement,  and  BP,  reflects  the  value  of  basic  pay  for  the  ith  pay  grade  at  the  point 
of  retirement. 

This  annual  retirement  benefit,  K.  is  then  discounted  over  30  years  of  past 
service  benefit  weighted  in  each  year  by  the  conditional  probability  of  living  that 
additional  year  I  hus,  the  present  value  of  the  retirement  benefit  at  the  point  of 
retirement  equals 

30 

PDVH  =  H  I  o  (1  +  if1  , 
t=l 

where  i  .08  and  is  the  probability  of  surviving  until  the  t-th  year  after 
retirement  To  provide  an  example,  assuming  a  20  year  retirement,  the  present 
value  of  the  annuity  at  20  years  is  equal  to  $60,641.28. 

Table  C.l  summarizes  these  cost  elements  for  each  of  the  30  years  of  service. 


Table  C.l 


Pay  and  Allowance  Costs 


Year  of 
Service 

Basic  Pay 

Ba  sic  All owa nc e 
for  Quarters  & 
Subsistence 

Miscel laneous 

6  Support 

Retirement 

Total 

i 

5069 

1229 

2657 

8955 

2 

5519 

1404 

2598 

9521 

3 

6014 

1564 

3097 

10675 

A 

6492 

1716 

3245 

11453 

5 

7026 

1886 

3418 

3790 

16120 

6 

7110 

1977 

3418 

3790 

16295 

7 

7637 

2044 

3418 

3790 

16889 

8 

7762 

2099 

3418 

3790 

17069 

9 

8195 

2162 

3547 

3790 

17694 

10 

8305 

2203 

3547 

3790 

17845 

11 

8779 

2262 

3547 

3790 

18379 

12 

8898 

2292 

3547 

3790 

18531 

13 

9435 

2234 

3653 

3790 

19112 

14 

9625 

2387 

3653 

3790 

19455 

13 

10105 

2421 

3653 

3790 

19969 

16 

10252 

2452 

3653 

3790 

20147 

17 

10727 

2489 

3813 

3790 

20819 

18 

10908 

2523 

3813 

3790 

21034 

19 

11316 

2550 

3813 

3790 

21449 

20 

11496 

2578 

3813 

3790 

21667 

21 

12148 

2655 

3979 

3790 

22572 

22 

12466 

2700 

3979 

3790 

22935 

23 

13460 

2738 

3979 

3790 

23967 

24 

13919 

2796 

3979 

3790 

24484 

25 

14527 

2880 

4149 

3790 

25346 

26 

14732 

2904 

4149 

3790 

25575 

27 

16620 

2940 

4149 

3790 

27499 

28 

16936 

2988 

4149 

3790 

27863 

29 

17235 

3028 

4149 

3790 

28202 

30 

17260  | 

3031 

4149 

3790 

28230 

SOURCE:  OASD  (MRA6L) ,  OASI)  (Comptroller) 
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